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INTRODUCTION

This report is concerned with the transfer of technology from missile and space

programs to non-missile/space applications in the United States. It presents the findings

of a University of Denver Research Institute study sponsored by a National Aeronautics

and Space Administration (NASA) grant awarded in November 1961. Initial stimulation

for the unsolicited proposal leading to this study came from a 1960 Brookings Institution

report to NASA, Proposed Studies on the Implications of Peaceful Space Activities for
I

Human Affair s.

The objectives of the study as set forth in the NASA grant are:

Identification of tangible economic non- space by-products

of space research and development efforts, including current

applications of past research and potential future applications of

current research; evaluation of by-product identification tech-

niques; and study of information flow from space research to

commercial application.

The overall purpose of the study is to aid current and future efforts to accelerate trans-

fers of technology from the nationts missile/space programs to the commercial sector of

the economy by identifying instances of transfer and by attempting to provide some under-

standing of the transfer process.

The logic behind efforts to accelerate such technological transfer is straightfor-

ward: Increased application of technology in the commercial sector of the U. S. economy

is generally accepted as a desirable economic objective. * Well over half of the nation's

research and development resources are being devoted to military and space programs;

much new technology is being generated by these efforts. Some should have commercial

application and, for the economy to receive optimum benefit of this technology, it should

be applied in both the government and commercial sectors. Under these circumstances,

it is desirable for military and space technology to be utilized where feasible by the

commercial sector.

Viewed from a broader perspective, attempts to accelerate technological transfer
z

take on added importance. At a time when science and technology are playing a vastly

increased role in the scheme of things on our planet, concern is being voiced about the
3

increasing proportion of total United States R & D capability devoted to defense and space.

Discussions surrounding the implications of this trend are hampered by incomplete under-

standing of the interactions of technology and economic activities. Economists are be-

coming increasingly interested in the subject and, while they disagree on many details,

it is agreed that increased technology, effectively applied, tends to increase economic

well being. 4 It tends to increase the productivity of land, labor, and capital, thus re-

sulting in higher living standards. It tends to increase a nation's economic growth rate,

a nation's ability to compete in foreign markets, and a nation's ability to compete with

foreign military and space powers. Its effect on the labor participation rate, and con-

sequently on unemployment, is subject to dispute.

"Commercial" is used throughout the report to identify the civilian or private sector,

embracing both industrial and consumer goods and services. Emphasis is placed on

this sector; however, the report is concerned also with the broader concept of "non-

missile/space, " which encompasses the government as well as the private sectors.
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The scope of our study was restricted to the transfer of space technology. Space

was interpreted to include both military and peaceful space activities, hence the repeated

references throughout the report and in its title to missile/space technology. It now

appears that an expanded scope probably would have been more meaningful to have per-

mitted inclusion of commercial transfers of technology resulting from non-missile/space

military and Atomic Energy Commission research as well as transfers resulting from

missile/space research. No clear line can be drawn between space and non-space know-

ledge because the two are closely interwoven.

This report is written primarily for the use of individuals in government who are

concerned with accelerating technological transfer. While emphasis would have differed

for an industrial audience, it is hoped that individuals in industry may find the report use-

ful.

Several hundred persons, representing industrial firms, research organizations,

government agencies, universities, trade magazines, patent law firms, and trade asso-

ciations contributed information to the study effort. Acknowledgement is made of their

valuable assistance, especially those who talked at length with us in their offices, often

followed by telephone and written communications.

We are particularly grateful to Morton J. Stoller, Director, Office of Applications,

NASA, and Louis Fong, Director, Office of Technology Utilization, NASA, for guidance

and suggestions given during the project; to Jack C. Oppenheimer, former Executive

Secretary of the Committee on Long Range Studies of NASA, for assistance extended in

the early phases of the study; to Philip B. Yeager, Special Consultant to the Committee

on Science and Astronautics, U. S. House of Representatives, for furnishing helpful back-

ground; to Robert A. Solo, National Planning Association, for valuable discussions per-

taining to his project in a related area; and to Lawrence L. Rosine, Editor, Electrical

Design News, for his contribution to the discussion of semiconductors and microsystems

electronics.

Five members of the University of Denver Research Institute staff are principally

responsible for the report: John G. Welles, Head, Industrial Economic Division and

supervisor of the project; Lloyd G. Marts, Robert H. Waterman, Jr., and John S.

Gilmore, Industrial Economists; and Robert Venuti, Chief, Mechanical Metallurgy

Section. In addition, Z7 other Institute staff members participated as consultants.

Among these, special acknowledgement is extended to James F. Mahar, Senior Econo-

mist; Clinton M. Kelley, Senior Research Chemist and Professor of Chemistry; William

G. Howell, Research Mechanical Engineer; Jack G. Hewitt, Jr., Research Electrical

Engineer and Assistant Professor of Electrical Engineering; Robert M. Blunt, George

L. Mason, and Franklin E. White, Research Physicists; Roger P. Hansen, Editorial

Assistant; and Martin D. Robbins, Assistant to the Director.
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SUMMARY OF MAJOR FINDINGS AND CONCLUSIONS

Primary objectives of this study were to identify tangible economic by-products

of missile/space programs which have or are expected to find commercial use, and to

determine the origin, and circumstances surrounding the origin, of these by-products.

Principal findings and conclusions follow:

I. Within the study objectives, the transfer of technology has been by far the

most important contribution of missile/space programs to the civilian sector of the

economy.

Z. A portion of the technology advanced by the missile/space programs has found,

and will continue to find in increasing amounts, application in commercial industry for

non-missile/space purposes. The study identified 33 broad technological areas, plus

several miscellaneous areas, in which transfer has occurred or can reasonably be ex-

pected to occur in the future. Within these, 185 transfer examples were documented and

are described in Chapter VI in Part 2 of the report {126 of these have occurred, 59 are

potential). T_ese examples do not include all, nor can they be considered statistically

representative of, the transfers which have taken place, but they do provide evidence of

the magnitude, scope, and nature of the missile/space technological contribution to the

commercial sector.

3. A time lag exists between the development of technology for primary missile/

space use and its commercial application. Large expenditures on missile/space pro-

grams have been made only in recent years and there has not been sufficient time for

many transfers to take place. It is highly probable, therefore, that most of the transfer

is still to occur.

4. Relatively little importance can be attached to the direct transfer of products

from missile/space programs to the civilian sector of the economy at this time. While

numerous identification problems exist, the findings lead to the conclusion that product

transfers have not been significant and that the term "by-product" is misleading in that

it does not describe the total transfer process. It is more accurate and meaningful to

consider missile/space contributions to the commercial sector of the economy in terms

of the transfer of technology rather than in terms of a transfer of products.

5. Six types of missile/space contribution to the commercial sector were noted.

Individual areas of transfer identified in this study embodied from one to all six types:

a. Stimulation of basic and applied research.

b. Development of new or improved processes and techniques.

c. Improvement of existing products.

d. Increased availability of materials, testing equipment, and

laboratory equipment.

e. Development of new products.

f. Cost reduction.



VIII

6. Missile/space R & D is but one contributor to the vast store of knowledge

which is the source of technology for both the government and commercial sectors of the

economy. Other R & D contributors include industry, universities, and non-missile/

space government agencies. Because of the interaction among all of these, attribution

of a given technological advance to a particular source is often impossible.

7. The nature of the transfer process is such that it does not appear feasible to

measure in quantitative terms the economic impact of the missile/space contribution em-

bodied in identified transfers to the commercial sector, to say nothing of transfers which

defy identification.

8. Insufficient understanding of the nature of the transfer process appears to have

been one reason for widely divergent views on the past and future importance of missile/

space contributions to commercially useful technology.

9. Diffusion of missile/space technology for secondary, or commercial, uses

may be substantially slower than diffusion for primary, or missile/space, uses. Fur-

ther, there are indications that informal communication channels may be more important

to the transfer process than formal communication channels. Communication channels

through which technological knowledge flows to secondary uses are not understood and

should be the subject of further research.

10. There are apparent gaps between the persons or organizations responsible for

developing missile/space technology and those persons or organizations which can give

such technology commercial application. However, market requirements information

must be linked with missile/space technological knowledge before commercial applica-

tions can occur. Linkages between market information and technology appear to take

place more easily inside a single division of a firm than between separate divisions or

separate firms. A few mechanisms for bridging these gaps between organizations with

missile/space technology and other organizations with commercial marketing capabilities

have been established and their effectiveness in facilitating linkages is worth investigation.

II. Present efforts to accelerate the transfer of missile/space technology to com-

mercial application appear handicapped by insufficient knowledge of how technology is

applied at the level of the firm. This study indicates that efforts to accelerate the trans-

fer process should be accompanied by efforts to better understand the stimuli and barriers

to the application of technology.

These findings are based on information obtained during January-October, 1962,

from interviews with 369 persons in 189 organizations, largely industrial firms, and

from 988 responses to questionnaires sent to 3,507 organizations, again largely in-

dustrial firms.

The study report is published in two forms: a short form containing only

Part l--the major findings and analyses; and a longer form containing Part l, plus

Part 2--methodology, specific examples of transfer, and discussions of the diffusion

of technological information and of the stimuli and barriers to applications of tech-

nology.



Chapter I

TECHNOLOGICAL TRANSFER

The primary objective of this study was to identify and document examples of con-

tribution from missile/space research and development to the commercial economy. The

results of this identification effort are presented in Chapter VI (in Part 2) in the form of

statements--or case descriptions--from companies and government agencies having di-

rect experience with such contributions. The purpose of this chapter is to analyze and

summarize these instances of transfer.

Originally, we had expected to find a rather limited number of products, processes,

and materials which had resulted directly from missile/space research and which had lat-

er found commercial application--that is, by-products, or secondary and incidental re-

suits from another effort. The term "by-product" used in this connotation was not new

and had been used frequently in articles and speeches in referring to any secondary com-

mercial contribution of government supported or motivated research and development.

We found, however, after using the term ourselves (we still find it a convenient

term}, that it does not precisely define the missile/space contribution to the commercial

economy. In the first place, "by-product" implies that the contribution comes in the

form of direct and readily identifiable results of a particular effort, when in fact most

contribution does not. For this reason the term is too narrow. Second, the term im-

plies a certain unexpectedness, unimportance, and lack of strong motivation for exploi-

tation. To the contrary, some instances of contribution from the missile/space effort

are expected, may prove to be of more significance than their progenitor, and the pos-

sible commercial market is as strong a motivation for their development as their more

apparent missile/space market. For this reason, also, the term "by-product" is too

limiting. (The same reasoning applies to the terms "spin-off" and "fall-out" which have

been used to describe this same type of contribution.)

But, all of the examples uncovered during this study had this in common: the

missile/space programs had made some contribution to them. In fact, one of the major

tests of whether any particular development qualified for study purposes was: Is it de-

pendent on, or does it embody, something which can be traced to the missile/space pro-

grams? Therefore, the term "contribution," rather than "by-product," is used through-

out most of the report. (Another term, "technological transfer," is also used, as will

be discussed. )

The total contribution of missile/space R & D to the commercial economy is

broader, more complex, more indirect, and more difficult to identify than is generally

realized. The instances of contribution that may be truly called "by-products" are but a

small fraction of the whole. Because of the scope and complexity of the total contribution,

however, it is probably more significant than is frequently envisioned, although this signi-

ficance does not appear to lend itself to quantitative measurement.

In the remainder of this chapter, we attempt to convey an impression of the na-

ture, scope, and significance of the missile/space contribution to the commercial econ-

omy. The various forms which this contribution has taken are defined and discussed,

referring to Chapter VI for examples. This chapter concludes with Exhibits A and B,

which present in tabular form a summary of the types of contribution identified in the

study.



Six major categories of contribution were identified: stimulation of basic and ap-

plied research; development of new or improved processes and techniques; improvement

of existing products; increased availability of materials, testing equipment, and labora-

tory equipment; development of new products; and cost reduction. The categories are

not mutually exclusive, and it is quite common to have one example embody several dif-

ferent categories of contribution. One or two types usually predominate, however.

Stimulation of Basic and Applied Research

Basic and applied research are stimulated in two ways: either directly through

government support, or indirectly through company funding motivated by missile/space

needs, and therefore by a potential missile/space market. Once the research is under-

taken or completed, new scientific knowledge and technology become available for broad-

er use than that which motivated the original funding. This general type of contribution

is undoubtedly the most significant because it generates the kind of knowledge that is

potentially applicable and useful to most fields of science. However, this type of con-

tribution is several steps removed from ultimate commercial application and is therefore

one of the most difficult types to identify and discuss in concrete terms.

It is impossible, except in a few cases, to relate ideas and knowledge generated

on a certain missile or space project to a commercial product developed later in time.

The product is more likely to be the result of a cumulative store of knowledge which in-

cludes as an inextricable part, that gained on a missile/space project. In such cases the

degree of contribution cannot be assessed except, perhaps, very subjectively.

The existence and apparent importance of this type of contribution--stimulation

of research--leads us to the conclusion that transfer of technology, not by-product trans-

fer, is the most significant missile/space contribution to the commercial economy.

Several other types of contribution also are primarily technological contributions rather

than product contributions._"." Therefore, we shall refer to the commercial contribution

from missile/space R & D as either "contribution" or "technological transfer," these

terms being more accurate and useful than "by-product. "

Good examples of the type of transfer we have called "stimulation of basic and

applied research" are to be found in Chapter VI under the sections entitled "Refractory

Metals, " "Physical Metallurgy,"_'Semiconductors," "Microsystems Electronics, " "Fuel

Cells," "Thermoelectric and Thermionic Energy Conversion, " "Gyroscopes and Inertial

Guidance, " "Magnetohydrodynamics, " and "Re-entry Simulation--The Plasma Jet. " Sum-

maries of the missile/space contribution to each technological area are presented in

Exhibits A and B at the end of this chapter.

New or Improved Processes and Techniques

A second major type of contribution of the missile/space effort to the commercial

economy comes in the area of new or improved processes and techniques, e.g. , new ways

of fabricating a material, forming a part, or scheduling a job. This type of contribution

is different in degree, rather than kind, from the stimulation of basic and applied re-

search; the ultimate contribution in either case is new technology. However, this category

merits separate consideration, if only because it is a rather distinct type of contribution

and examples of it are relatively easy to identify.

_:-_ Although product contribution can be considered as a type of technological contribution,

product contribution is only a part of the total technological contribution.



Included in this category are new ways of performing a task which have been

developed for or have received strong impetus from the missile/space program and

which have had or appear to have commercial application. Most of the items represent

fairly direct transfers. Good examples are contained in Chapter VI and summarized in

Exhibits A and B, under the sections entitled "High Energy Forming," "Filament Winding",

"Solid State Bonding, " "Chemical Milling, " "Medical Technology, " and "Management and

Control--PERT. "

Product Improvement

A third category of contribution identified in the study is product improvement.

It can take two forms: i) A product is improved in design. In this category we include

products which were developed originally for commercial use, which have been improved

as a result of being adapted to the stringent requirements of the missile/space program,

and which are sold in their improved form to the original commercial market. 2) Com-

mercial products which benefit directly or indirectly from new or improved manufactur-

ing, process control, or quality control techniques originally developed for the missile/

space program, so that the overall number of products passing inspection is increased.

Although this type of contribution is concerned with the improvement of specific products,

it too can be considered a form of technological transfer.

The two most important effects of the missile/space program within the broad

category of product improvement seem to be: improved reliability and improved quality.

Reliability and quality were mentioned by a large number of persons contacted as being

two of the most significant commercial contributions of missile/space work. Reliability

and quality are of particular importance to missile/space systems, wherein the inherent

unreliability of any component is compounded by the unusual complexity of the total

system. Failures of such systems can cause great damage and the loss of millions of

dollars. By the same token, commercial systems, particularly in the field of process

control, are becoming more complex and therefore more dependent on reliability and

quality of component parts. Failure of commercial systems can also be dangerous and

costly. Such parallel requirements for reliability and quality motivate technological

transfer.

Examples of product improvement are contained in Chapter VI and summarized

in Exhibits A and B under the titles "Electronic Computer Systems" "Fluid Transfer

Systems," "Resistance Strain Gages," "Instrumentation Amplifiers, " and "Telemetry

and Communications." A particularly illustrative section, demonstrating the importance

of quality and reliability, is "Cables, Connectors, and Printed Circuits."

Materials and Equipment Availability

In certain fields, the demands of missile/space programs have not produced sig-

nificant improvements in basic technology; rather, the primary result seems to be the

increased availability of materials, testing equipment, and laboratory equipment made

possible by intensive missile/space use. This effect tends to make such a field more

useful commercially. The field of cryogenics is an excellent example. Other examples

will also be found in Chapter VI, and in Exhibits A and B, within the general section en-

titled "Instrumentation. "



New Products

A number of products have been developed for missile/space use which, later,

have found commercial application in substantially their original form. This type of

transfer probably represents most closely the usual connotation of the term "by-product. "

Examples of this type of contribution are scattered throughout Chapter VI; especially

good illustrations are found in sections on "Electronic Components and Miscellaneous

Systems," "Instrumentation, " "Telemetry and Communications, " and "Packaging and

Shipping. "

Movements of products from missile/space programs to commercial applications

are direct and relatively clear types of transfer. Their significance individually appears

to be rather small and, in total, this category seems less significant than any of the four

discussed above. Part of the explanation for this is that a product, by definition, has a

limited range of application, whereas the range of application of technology is very broad.

This important distinction is discussed in more detail later.

Cost Reduction

A final type of contribution is cost reduction, which can take place in three ways.

First, volume production for the missile/space effort can reduce the unit cost of a prod-

uct to the point where commercial marketing is feasible. Examples are the solar cell

and the infrared detector, both discussed in the "Instrumentation" section of Chapter VI.

Second, improvement in management or production techniques can result in cost reduc-

tion. For example, the use of a clean room in a manufacturing operation can reduce the

unit cost of a product (the use of clean rooms in manufacturing being a pre-missile/space

technique which has been given much impetus by missile/space demands for reliability).

Or, the use of Program Evaluation and Review Technique (or "PERT"--a mathematical

technique for evaluating a schedule), or related scheduling techniques can reduce the

overall costs of construction projects. Third, a number of companies are able to staff

and maintain well equipped R & D laboratories partly because of missile/space contract

research. The availability and contributions of these R & D capabilities to the commer-

cial endeavors of these companies can be partially credited to missile/space programs

and can reduce the unit cost of commercial products.

Conclusion

It is important to the understanding of missile/space transfer to realize that the

various types of contributions discussed are not mutually exclusive. To the contrary,

any one example of missile/space transfer is likely to contain an element of several

types of contribution. Semiconductors are a good example. A considerable amount of

basic and applied research has been motivated, at least in part, by missile/space

electronic demand. This research has produced a significant advance in the overall

state-of-the-art in the semiconductor field. At the same time, there have been many

product improvements and new products developed to meet missile and space demands

for reliability, miniaturization, and speed of operation. Finally, overall reduction in

cost of semiconductor products has been partially caused by the existence of missile/

space markets which provide a way to quickly write off R & D expenditures.



Just as failure to recognize the multiple and indirect nature of missile/space

transfer has caused some persons to understate the magnitude of the missile/space

contribution, so has failure to verify the authenticity of loose claims caused others to

exaggerate the contribution. This study indicates that the more subtle forms of techno-

logical transfer have had, and will continue to have, the greatest impact--not the direct

product type of transfer which is most often publicized.

As already noted, technology is more universally applicable than a product, which

is merely a physical embodiment of technology designed to fill a specific need. The

specific needs of space are often quite different from those of commercial industry and

the consumer. Technology, however, is more basic and. although the impetus behind

its original development may well have been to fill a specific space need, it does not take

on as rigid a form as do products. Technology may be dissected, regrouped, added to,

subtracted from, and tailored to meet a customer need. Having more applications, of

course, technology has more potential impact.

We have found several manifestations of this truism in industry. Many individuals

engaged in missile/space work are not commercially oriented and do not think in by-

product or commercial application terms. They do seek, however, to disseminate con-

tributions they make to technological states-of-the-art, and these can be retrieved through

normal communications channels by commercial industry. Product transfers, when they

do take place, occur more readily on an intra-firm basis than on an inter-firm basis. But

intra-firm transfers are limited because many space contractors are not commercially

oriented, nor do they have the necessary marketing know-how and distribution mechanism

to exploit by-products. Further, commercial research is generally oriented to product

improvement and new product generation through in-house development, using technology

developed both in-house and by others. This process favors the transfer of missile/space

technology as opposed to acceptance of missile/space products.

This emphasis on technology raises an interesting point. During World War II

and thereafter, the armed services were forced to apply the existing technology to

weaponry on an intensive basis, and they "used up" much of the existing store. Later,

and to the present, they supported more and more basic research--or at least research

on the basic side of the spectrum. The National Aeronautics and Space Administration,

with its recent origin and tightly scheduled programs, is in a situation which may paral-

lel that of the armed services during World War II. Its programs initially have largely

been mission oriented, of an engineering or developmental nature. As its basic research

program evolves and expands, it should contribute more to the nation's store of science

and technology and more to the commercial economy.

Exhibits A and B follow, presenting in tabular form a summary of the contribu-

tions identified in this study. The detailed information from which these exhibits are

drawn and which put these contributions in perspective is contained in Chapter VI.
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Exhibit B

TABULATION BY TYPE AND DEGREE OF IDENTIFIED MISSILE/SPACE CONTRIBUTION (l)

AREA

OF

TECHNOLOGY

Instrumentation

Resistance Strain Gages

Infrared Instrumentation

Pressure Measuring Equipment

Temperature Measuring Equipment

Instrumentation Amplifiers

Electronic Components and Miscellane_us Systems

Semiconductors

Microsystems Electronics

Thermoelectric Refrigeration

Connectors, Cables, and Printed Circuits

Display Systems

Control Systems

Inertial Guidance

Electronic Computer Systems

Power Sources

Solar Cells

Thermionic and Thermoelectric Energy Conversion

Fuel Cells

Magnetohydr odynamic s

Propulsion

Cryogenics

Fluid Transfer Systems

Fabrication

Filament Winding

Chemical Milling

High Energy Forming

Solid State Bonding

Materials

Refractory Metals

Maraging Steels

Physical Metallurgy

Superalloys

Epoxy Resins

Medical Technology

Re-Entry Simulation - The Plasma Jet

Telemetry and Communications

Vibrational Testing

Packaging and Shipping

Management and Control - PERT

Notes: (I) Based on company statements and technolo

(Z) Not applicable.

DOMINANT TYPE(S) OF

IDENTIFIED CONTRIBUTION
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Chapter II

INFORMATION FLOW

A secondary objective of this study was to provide insights into the flow of infor-

mation contributing to commercial applications of missile/space related technology. The

results of this inquiry are presented here.

A. SURVEY FINDINGS

"How did you acquire information on the space technology that went into your by-

product?" was a question asked of firms whose by-products, items of contribution, or

technological transfers are described in Chapter VI.* The replies stressed the impor-

tance of such technological information sources as "close customer contact" and "own

R & D experience." In answer to another question, the same firms suggested the flow of

such information could be accelerated by "improved indexing, abstracting, and reporting

services" and "easier access and prompter declassification." Tabulated answers follow:

Methods of Obtaining Missile/Space Technology Mentioned by Firms

Reporting Cases of Transfer

Close customer contact 35

Own R & D experience 32

Technical and trade journals 15

NASA and Military Specifications and/or laboratory data 14

Meetings, committees, and symposia Ii

Literature search 7

Supplier s 5

ASTIA 3

Outside laboratories (other than NASA or military) 2

Patent s 1

NASA directed information from NASA research contractor 1

The data were obtained by the mailing of 3,507 questionnaires, and from brief atten-

tion during interviews with 189 firms, government agencies, and other organizations.

See Chapter V, "Methodology. " No data were available on many of the items of con-

tribution, and no exhaustive effort was made to trace back the technological inputs

through all of those participating in the development of any items. Many of the re-

sponses were from executives or marketing people, rather than technological special-

ists or others with direct knowledge of the circumstances. However, replies in vary-

ing degrees of detail were received from 48 firms whose items of contribution are in-

cluded in Chapter VI, and from 31 firms which did not report transfers or contributions.

There was no differentiation between information sources and channels of communica-

tion; that is, many of the sources given were obviously not primary or original sources

of information. Very little statistical significance can be attributed to the distribution

of replies, but the rankings may be of interest. (Some replies indicated several meth-

ods of obtaining missile/space technology. )
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Thestressgiven"close customercontact"is worthattentionbecauseabouthalf
of theserepliesevidentlydidnot refer to this asa sourceof technology but as a source

of requirements information. Some were prime contractor requirements, some were

government customer requirements, some were commercial customer requirements. In

each of these cases, however, the respondent evidently considered market requirements

information sufficiently important to volunteer it as an information input to his transfer

of technology. In other cases, "close customer contact" evidently referred to opportuni-

ties to learn of primary or missile/space applications which could then be developed to

secondary or commercial applications.

The next most important category of answer was "own R & D experience. " This

appears to reflect instances where a firm's own knowledge of missile/space technology

and primary applications of this technology helped it either l) to develop commercial

applications, or 2) to transfer the primary application or product into a secondary mar-

ket as aby-product. Instances of these are detailed in Chapter VI under sections titled

"Electronic Components and Miscellaneous Systems" and "Electronic Computer Systems."

The most important information input in both of these categories appears to have

been information about a primary application.

The related question asked on the same questionnaire was: "What could be done

to improve the flow to you of usable information about space technology?" The distribu-

tion of these replies follows:

Suggestions for Improved Information Flow, From Firms in Which

Transfers Have Occurred

Improved coverage, quality, and speed of indexing,

abstracting, and reporting services 20

Easier access (e.g. , to ASTIA) and prompter de-

classification of research results 14

Present information flow OK 10

Limit the quantity of information, improve the quality 4

More technical seminars on specific topics 3

Customers (government agencies, prime contractors) should

work more closely with specialist firms 2

Better information on component requiren_ents 2

A directory of innovations might encourage licensing and

production l

Government patent policy discourages divulgence of

information 1

Use existing information channels 1

Some of these answers were evidently commenting on the flow of information for

primary use, as well as information for secondary or commercial use.
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Thisquestiononimprovedflowof usableinformationwasalso answeredby a
numberof firms whichdid notreport transfers or by-products. Manyof thesefirms
voicedadesire to participatein missile/spacemanufacturing,andmanywere small
businesses.Theseresponsesfollow:

Suggestionsfor ImprovedInformationFlowFrom Firms WhichHaveNot
ExperiencedTransfer

Easier accessandprompterreportingof researchresults II
Presentinformationflow OK 10

Makeavailablebetter informationon requirementsfor items
andcomponentsusedin spaceprograms(mostly firms
wishingto sell to spacecustomers) 8

Wantmore information,butdon'tknowwhatsourcesor channels
shouldbe 7

Makeit easier for small or specializedfirms or outsiderfirms
to get spacebusinessor get spaceinformation 4

Direct publicationsbyNASAof summariesof innovations 4
Improvecoverage,quality, andspeedofindexing,abstracting,

andreportingservices 3

Holdregionalseminarsonspaceinnovations 3
Publishmoretechnicalpapers 3
Customersshouldinform themselvesbetterof capabilities

of small firms 2

It is interestingto notethat, in bothtabulationsof responsesto this question,
while themajority of firms indicateda desire for improvementin flow of information,a
substantialnumberindicatedsatisfactionwith thepresentflow.

B. IMPLICATIONSANDRECOMMENDATION

Fewfirm conclusionscanbedrawnabouttheflowof missile/spacetechnologyto
commercialapplicationspeoplefrom either theresponsesto theDenverResearchInsti-
tute questionnaireor from existingresearchonthediffusionof technology._:_Bothmay
offer suggestionsandinsights, however,for anyoneconcernedwithbuildingup therate
of commercial applicationof missile/spacetechnology.

Exceptin thoseinstanceswherethesameorganizationalunit generatesthe
missile/spacetechnology and applies this technology in products it sells, it seems possi-

ble that there are relatively few cases of direct communication of technology from origi-

nal innovator to final user or applier. Rather, mediators such as R & D personnel may

Recent research on the diffusion of technology and innovation is reviewed in Chapter

VII. An effort is made to relate it to our findings, and a number of questions are

raised for further research on the information requirements for the commercial ap-

plication of missile/space technology.
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(or maynot) filter, evaluate,andrelay it. Totheextentthis is true of theprimary user
firm, it is probablyevenmore true of the secondary or by-product user.

Instead of simple, direct communication links between missile/space innovators

and commercial applications users, the vehicle for transferring technology usually seems

to be a complex process of information diffusion. Major improvements in this communica-

tions system(s) must generally be designed in the context of the whole diffusion process,

and not just as improvements in information dissemination or reception. Therefore,

basic research appears needed to better define and understand the diffusion process, and

the systems through which the process works.
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Chapter III

IDENTIFICATION AND MEASUREMENT

This chapter presents additional information on the nature of the technological

transfers from missile/space programs to commercial applications and provides an in-

sight into the difficulty of formulating conclusions about the current economic significance

of these transfers.

Section A, "Identification," supplements the methodology discussion in Chapter V

by describing the manifold problems involved in achieving the primary task of this study:

identifying specific examples of missile/space transfer. Furthermore, Section A de-

scribes one of the most important limitations inherent in measuring the economic signifi-

cance of this transfer: much of it cannot be identified.

Section B, "Measurement," summarizes the general problem of measuring the

economic impact of any inventive and innovative activity and discusses the additional dif-

ficulties imposed when the problem is narrowed to the measurement of technological

transfer or by-product impact.

A. IDENTIFICATION

Assignment of Credit

The most important identification problems arose from the fact, sometimes over-

looked, that invention and innovation are continuing processes. Likewise, product devel-

opment goes on continually in most firms and usually is subject to many influences rather

-than a single influence such as the missile/space program. As a consequence, many

firms contacted replied in effect: "Our company has no space by-products, but rather

our space products are the result of the products which we have been selling to our com-

mercial customers, and this is the reverse of what you are expecting to find in your

study. "

Of course, we recognized before starting the study that many missile/space prod-

ucts were built on earlier commercial products and a broad pre-space technological base.

We expected that products would be found which had originated in commercial develop-

ments years ago and had subsequently been improved to meet missile/space requirements,

these improvements in turn being incorporated back into the non-space products, result-

ing in better commercial products. As it turned out, cases of this type were more preva-

lent than any other; the space contribution was simply an improved version of an earlier

established product. A problem developed, however, in explaining to the organizations

contacted that, for the purposes of our study, this type of product improvement was con-

sidered a valid transfer or by-product. How many such by-products existed when the

contacts were made but were not reported because of differences in interpretation is not
known.

The question of whether space or non-space use came first, or whether signifi-

cant improvements were incorporated into an existing product because of space experi-

ence, has been the cause of much confusion in past discussions of by-products. Some

items have been widely publicized as being space by-products which actually are not,

largely because of this problem. A short description of one such case may serve to il-

lustrate the problem.
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Pyroceram brand glass-ceramics. A line of cooking utensils, called Gorning

Ware, has been developed by Corning Glass Works from one of a family of new materials.

This new class of materials--named Pyroceram brand glass-ceramics--was developed

in the mid-1950's by Corning's Research and Development Division. By inducing crystals

to grow in a glass body, Corning researchers transformed it into a glass-ceramic article,

hard and heat-resistant. By controlling the crystal growth and glass composition, liter-

ally thousands of kinds of glass-ceramics could be created. Further development by the

Consumer Products Division established that one of these glass-ceramics could resist

breakage from heat better than the heat-resistant cooking glass invented in 1915 and uti-

lized by Corning in the manufacture of many of its Pyrex brand products. In addition, the

Pyroceram brand glass-ceramic products looked like expensive china. Therefore, the

Gorning Ware line was created. In 1959, its first full year on the market, some $15 mil-

lion of Coming Ware products were sold.

In the meantime, Gorning's New Products Division was also working on one of the

glass-ceramic families. It was found that this glass-ceramic's excellent thermal and

mechanical properties, plus the fact that radar waves passed through it easily, made it a

good material for guided missile nosecones. The formula was used to make missile

nosecones now used by U. S. and foreign defense forces. The company states that these

Pyroceram brand radomes came about as a consequence of the development of this glass-

ceramic material without reference to its possible use in missile or space applications.

The confusion over the development apparently arose when the company began to adver-

tise some of its commercial products, such as Coming Ware, as being associated with

the missile nosecones. The company tied the space and non-space applications of the

Pyroceram brand materials together in its advertisements to emphasize, for its com-

mercial market, that these glass-ceramic materials were so new that they had found ap-

plication in the space program. Apparently as a result, Pyroceram brand glass-cerarnics

have frequently been cited in articles dealing with space "fall-out" as a by-product.

This example of a commercial product whose origin has been associated errone-

ously with the space program indicates some of the difficulties associated with attributing

credit to missile/space programs versus commercial endeavors.

Dual Motivation for Product Development

Several instances are reported in Chapter VI of products which were developed by

firms with their own funds, or on a cost-sharing basis with the government, in anticipa-

tion of being able to tap both the missile/space market and the commercial market.

While we included these as examples of transfer within the study definition when it ap-

peared the development would not have taken place in the absence of the space portion of

total estimated demand, the problem was splitting credit between the two sectors. This

facet is discussed further in Section B, "Measurement. '_

Information Withheld or Unavailable

There were several reasons, most of them entirely valid, why companies did not

want to or could not reveal information which was necessary to the identification process.

They are:

Proprietary information. When the by-product to be marketed was in a highly

competitive field, companies were obviously reluctant to release information unless the

timing and content of this report meshed with their planning for the product under

c onside ration.
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Premature releases. Several companies had items which were in the sometimes

lengthy process of development or market planning and which they did not want publicized

prematurely in the event the product failed to live up to expectations. Unfortunately, the

reverse of this was also true. Some companies were happy to receive any publicity they

could, although it was fairly obvious that no definite commercial marketing plans existed

and commercial sales were, at best, very dubious.

Security. A substantial number of firms reported that they produced to govern-

ment specifications for prime contractors and thus did not know the end uses of their

products. In some cases, companies tried to ascertain the end uses but were denied the

information because of military security requirements.

Information unknown. A related problem, frequently mentioned, is that many

suppliers do not know the end use of their product (for other than security reasons). Sev-

eral metals companies, for example, commented on their role in furnishing raw materials

and semi-fabricated products, one stating that it had "not found any very definite instances

where by-products have been developed, undoubtedly due to the nature of our participation

simply as abasic materials supplier. '_ Another reply, typical of several received from

electronic component producers: "Difficult to determine which applications are for space

use and which for commercial computers. " Transfers may have resulted from missile/

space work done by firms such as these but it is impossible for them to say with certainty.

Potential patent problems. Some companies were unable to release information

because they were in the process of filing patent applications and could not afford to com-

promise their position with a premature disclosure of product descriptions.

Incomplete Information

In many cases it was necessary to rely for information on the memories of indi-

viduals concerned with the particular development within the contacted organizations.

This led to many problems: often the individuals did not remember details pertinent to

this study; in other cases the individuals who had been associated with a development

were unavailable or had left the company. Within the limitations of this project, it did

not appear feasible to attempt to undertake the major task of tracking down missing

pieces of information which were not readily available, nor was it feasible in all cases

to ask the companies concerned to do this. Therefore, it was necessary either to rely

on the information available or to omit the item under consideration.

Other Problems

One person seldom possessed all the information desired. This necessitated

several interviews in each organization or, in some cases, resulted in incomplete infor-

mation. Also, it was difficult to identify the best contact within the different organiza-

tions. Finally, it was often necessary to know enough about a company's operations to be

able to suggest some examples of possible transfer. %¥ith the large and varied number of

contacts made, it was impossible to do this in every case.

In conclusion, we believe it is not feasible to identify a sufficient portion of the

universe of individual items of transfer to meet the minimum requirements of the first

task of quantitative impact measurement--identifying that which is to be measured.
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B. MEASUREMENT

At the outset of this project, thought was given to the possibility of future research

designed to measure the economic impact of commercial contribution from missile/space

related technology. Many individuals contacted expressed the hope that quantitative meas-

ures of both present and probable future impact could be developed. Unfortunately such

measures appear to be almost impossible to construct at this time. Economic impact

measurement was not an objective of this study; however, sufficient insight was gained in

the course of identifying technological transfer to assess the problems involved.

Measurement of general inventive activity is itself a formidable problem which

has not been solved to anyone's satisfaction. Moving from a measure of this activity to

a measure of economic impact greatly increases the problem. Focusing the task to

measurement of the economic impact of missile/space technological transfer reduces few

problems and adds many. In this section, problems common to the measurement of gen-

eral inventive activity and impact will be discussed, drawing largely on what others have

written. Following this, the special problems of measuring transfer impact will be dis-

cussed, relying primarily on experience gained during this study.

According to Kuznets, the general problem in measuring inventive activity is that

no good methods for measuring inventive input or output exist. I Measures of input--dol-

lars spent on research or numbers of people engaged in research--are not adequate be-

cause large variations exist in the creativity and productivity of different inventors; fur-

thermore, inventive activity is unpredictable. Data are more available on inventive

output--patent statistics, patent office files, and occasional lists of inventions published

in the literature--but these data have not been converted into efficient measures of in-

ventive output.

Sanders differs with Kuznets in the relative availability and usefulness of available

inventive input and output data. But he concludes that, "None of the measures used to

date is satisfactory even as a crude measure of inventiveness as such or inventive

activity. ,,z

Even if a measure of the output of inventive activity did exist, it would be subject

to interpretation and would not be a measure of economic impact. Suppose (very hypo-

thetically) that some figures were available for inventive output for the past year, or

past several years. The figures would not tell: I) what secondary and tertiary sales had

been generated by the invention--a multiplier effect, and Z) what items have been made

obsolete, or less useful, by the new inventions--the netting-out effect. A notable example

illustrating these two effects is the invention of the automobile. While sales of both the

petroleum and steel industries were given great impetus, sales of wagon wheels and

buggy whips diminished. The problem, of course, is that any element of product im-

provement tends to change the market structures of all industries related to that product.

Not only is the product changed, but the frame of reference is changed, and trying to

measure the impact of product improvement is analogous to measuring a dimension with

an elastic ruler.

The one exception is pointed out by Winter in a report prepared by the former

Operations Research Office of the Johns Hopkins University entitled, Defense Spending

and the U. S. Economy:
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Where research yields its rewards in the first of these

ways alone [cost reduction in the production of products], the

measurement problems can be rendered manageable by the use

of physical production coefficients in conjunction with standard

dollar valuations of input and output. This procedure.., results

in a precise figure for the cost saving per unit, which, when

multiplied by the number of units produced, yields the dollar

return which is to be compared with the cost of the research.

In the absence of population growth and capital accumula-

tion, the estimation of the return to research for the economy

as a whole would be no more difficult in principle than the task

in the case of the individual firm...reasoned assumptions as

to the patterns of change of the productivity of labor and capi-

tal could be made on independent grounds and the residual

change in productivity attributed to the research effort.

The report goes on to say,

The really serious problems of measurement arise when

the returns to research contain an element of product improve-

ment...in contrast to the situation where cost reduction alone

is involved and the physical constancy of the final product pro-

vides a basis for comparison of the"before" picture with the

"after" picture. 3

The measurement difficulties for invention in general are not alleviated, but com-

pounded, when the measurement of transfer impact, as contrasted with general inventive

impact, is undertaken.

Identification

Obviously, a first step in measurement is identification of that which is to be

measured. But as Section A of this chapter points out, mere identification of concrete

examples of transfer is difficult due to the problems of whom to credit for a development,

security restrictions, proprietary information, fear of premature publicity, incomplete

historical information, inability to make contact with the proper individuals, and possible

patent problems.

Classification

Once an item of contribution has been identified, many additional difficulties bar

economic impact measurement. These difficulties can be better understood if the types

of contribution are categorized, for the method of measurement and the problems involved

seem to vary with the type and amount of missile/space contribution made to the item.

The classification proposed in Chapter I is convenient for this purpose. Three types of

contribution drawn from this classification will serve to illustrate the measurement

problems: cost reduction, product improvement, and stimulation of basic and applied

research.

Impact measurement of the first type of contribution mentioned, cost reduction,

seems the easiest of all and would, in all probability, follow the method proposed by the

Operations Research Office outlined above.
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Productimprovementposesa moreseriousproblem. Supposethat a potentiome-
ter, for example,hasbeenimproved15percentin reliability and30percentin accuracy
as a result of researchdoneto meetmissile/spacespecifications. It wouldbeunfair to
attributeall thecommercialsalesof the improvedproductto themissile/spaceprogram,
but a contributionhasbeenmade. Whatpart of thetotal salesshouldbetakenas a meas-
ure of missile/spacecontribution? i0 percent?Z0percent?30percent?

Stimulationof basicandappliedresearchis the least tangibleandmostdifficult to

measure of all. The ultimate impact of this type of contribution will occur in the form of

new products, processes, materials, etc. ; but this type of contribution is several steps

removed from the product-process-materials level. In most cases, it is too early to

know even a small fraction of the products that ultimately will be generated by this re-

search. If some products have resulted and can be identified, it is difficult even to guess

what portion of the ideas, knowledge, and technology embodied in the product came from

missile/space motivated research. Product generation frequently represents a synthesis

of knowledge originating from many sources and it is quite likely that the persons respon-

sible for generating products under these circumstances would have, at best, only a fuzzy

idea of which knowledge truly represented missile/space contributions. That most mis-

sile/space research is grounded on pre-missile/space scientific knowledge further com-

pounds the difficulties. Thus there is no apparent way of determining the proportionate con-

tribution of missile/space research to an item coming from this type of transfer, and

hence no way of allocating gross sales--or any other measure of economic impact--as to

missile/space versus non-missile/space contribution.

Types of Measure

In the examples above, sales has been mentioned as a measure of economic im-

pact. However, other quantities might also be measured: employment, profitability, or

effect on gross national product. The quantity chosen would depend partially on whether

impact is to be measured with reference to the firm, the industry, or the economy.

Sales. If sales is chosen as a measure of output several problems arise, some

of which have been partially discussed. First, merely getting sales data can be difficult

since some organizations consider these data proprietary and are not willing to release

them. Of all the possible measures of impact, however, sales would probably be the

easiest to secure; the real problem comes not in getting the data, but in interpreting

them. To use the total sales of an item of transfer as a measure Of impact could present

a very distorted picture if the item contains only a small degree of missile/space contri-

bution. Unfortunately, for measurement purposes, much of the total missile/space trans-

fer takes place in the form of partial and intangible contributions to commercial products.

Fow, then, should sales be divided to present a true picture?

The problem becomes more confusing when the components or materials manu-

facturer does not know what percentage of the sales of his product goes to missile/space

versus non-missile/space use. For example, an alloy may have both of these uses and

may incorporate some space contribution. If the percent of non-space sales is not known,

how can the gross sales of the product be allocated without doing costly market research?

Using sales as a measure becomes still more confusing when a price reduction is

brought about by volume production for the missile/space program because dollar sales

may actually decrease though productivity has gone up.
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Employment. Generation of employment might well be used as a measure of im-

pact and could be very meaningful in view of today's high rate of unemployment. Unfor-

tunately it is subject to the same difficulties as sales--and more. The increased diffi-

culty comes in obtaining employment data; direct and indirect employments tabulated by

product are figures not normally kept and to get them would take more digging at the

level of the firm than to get sales data. Once the data are secured, however, employ-

ment is subject to the same interpretation problem as sales. Total employment generated

by an item of transfer is not a meaningful figure. Again, some basis must be found for

taking a reasonable percentage of the total in accord with the significance of the missile/

space contribution and in accord with the percentage of non-space market. Last, tech-

nology tends to increase productivity, thereby increasing or decreasing employment de-

pending upon a number of factors, making the interpretation of the employment measure

almost hopeless.

Profitabilit Z or Effect on GNP. Profitability also poses all the problems of meas-

uring sales and generates some new problems of its own. Of course, sales must be meas-

ured before profitability can be determined. In addition, the sales of a product must be

compared with the cost of that product (including cost of research) to determine profita-

bility. But cost of research is a very difficult quantity to allocate to any one product due

to factors mentioned before: the uncertainty of invention, the widely varying inventive

productivity of individuals, the market structure change caused by product improvement,

and the variable time lag in which research yields its returns. Nor does it appear feas-

ible to measure the effects of transfers on gross national product, due to aforementioned

factors: chiefly, the multiplier and netting-out effects brought about by market structure

change.

In conclusion, reasonably accurate measurement of the economic impact of mis-

sile/space transfer appears to be infeasible at this time. To quote Winter again in De-

fense Spending and the U. S. Economy:

In short, it appears that the study of the benefits to the

civilian economy provided by military research can del_nd on-

ly in minor degree, if at all, upon existing sources of informa-

tion. Neither at the individual firm level, nor at any level of

aggregation, do reliable data exist upon the return on research

activities in gener_l, let alone upon the portion of these returns

which may be a by-product of military research efforts. And

any empirical work in the field will inevitably run into all of the

logical and methodological problems which are responsible for

the present lack of information on these topics. 4

Even though measurement is not presently feasible, the commercial sector of the

economy has received both tangible and intangible benefits from missile/space research

as demonstrated by the examples described in Chapter VI. To argue now that this bene-

fit is negligible, as some have, or tremendous, as others have, is futile because of all

the problems discussed in this chapter. The existence of the many items of transfer

identified and described in Chapter VI, at this early stage in the missile/space programs,

combined with the knowledge that the transfer process takes time, justifies the expecta-

tion of more in the future.
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Chapter IV

TIME LAG

This chapter discusses the unknown and variable time interval between the incep-

tion of missile/space technology and its commercial application. Not only is time lag an

important part of this process, or any inventive process, which should be recognized and

analyzed, but it is also a factor which further complicates the identification of examples

of transfer and the measurement of their impact.

Section A, "Background," presents relevant information on the role time lag plays

in the inventive process and relates this to commercial application of missile/space de-

velopments.

Section B, "Duration," discusses factors which affect the length of time lag. Sec-

tion C presents conclusions.

A. BACKGROUND

Throughout the study, comments were made in both interview and questionnaire

reply on the importance of "time lag." For example:

or:

We have had many important by-products in the commer-

cial field as the result of past war and defense contracts, and I

have confidence that, similarly, there will be important by-

products of the U. S. space program. I would expect that the

time lag involved would vary with the complexity of the program.

There has not been enough time since NASA got underway

in 1959--or even since the inception of the Air Force missile

program--for too many by-products to be forthcoming. We ex-

pect much more in the future.

S. Colum Gilfillan in his book, The Sociology of Invention, states that inventions

normally progress slowly in the -period prior to their practical application and that in-

ventions coming before "their time" remain undeveloped and practically useless, i

The term "time lag" as used by individuals contacted was never defined explicitly

but was generally used to refer to the hiatus between inception of a missile/space tech-

nological development and its commercialization. Since invention, innovation, product

development, and marketing are overlapping and continuing processes, it is impossible

to identify the beginning or end of time lag. * Both the date of inception and date of com-

mercialization of a product are rather arbitrary. How far back in time can the inception

of a product be traced? Does commercialization refer to first commercial sales or to

Invention implies discovery or development of something new and innovation implies

the introduction and application of inventions to practical use. Careful distinctions be-

tween the two terms are not normally made in the literature nor were attempts made

to do so in this report. In practice, a given item frequently can embrace both con-

cepts, thus making careful distinctions somewhat academic. (See Reference 2 in the

"Introduction. ")
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commercial success? The point is that exact definition or quantification of time lag is

not so important as recognition that time lag is an integral part of the inventive and tech-

nological transfer processes.

Some figures exist on time lag duration, however. Gilfillan studied a group of 19

inventions selected in 1913 by vote of Scientific American readership as the most useful

inventions introduced inthe preceding quarter century, z He found that the geometric

mean interval between the year the invention was first proposed and the year of the first

working model or patent was 176 years. He also found: geometric mean between first

machine or patent to first commercial use--24 years; first commercial use to commer-

cial success--14 years; commercial success to important use--12 years.

Two other lists were prepared by Gilfillan. Of the 75 or so most important in-

ventions of the period 1900- 1930, the median time lag between first working model or

patent and first commercial success was 33 years. The other list, covering 209 of the

500 most important non-military inventions of the period 1787 - 1935, showed a median

interval of 37 years from first serious work to commercial success. (This figure applies

to only those inventions started before 1900. )2

In our study, five to ten years was quoted most frequently as the period required

to develop and market an item incorporating technology transferred from missile/space

programs. There are two important differences between Gilfillan's time lag and ours,

however. First, Gilfillan studied the total invention from first thought to fruition, while

we studied just the secondary or by-product aspects of an invention. Second, Gilfillan

studied only important inventions, while we studied all types, including many relatively

unimportant innovations. In addition, many of our identified transfers are not inventions,

e.g., cost reductions and product improvements.

Nevertheless, a significant time lag exists between missile/space development

and commercial application. Good illustrations of the time lag factor include descrip-

tions in Chapter VI: 1) Marquardt (Section F) in which time lag from first requirement

for a materials testing machine for the missile program to finished commercial testing

machine was six years; Z) Amphenol-Borg (Section B) in which time lag from first con-

tract to develop a new series of connectors for the Air Force to first commercial sales

of the finished connector line was about seven years; and 3) Minneapolis-Honeywell (Sec-

tion C) in which time lag from first automatic pilot to first work on adaptive flight con-

trol for missiles was fourteen years, and time lag from first missile work to first com-

mercial sales of an adaptive autopilot for light aircraft was six years. An especially

lucid example of by-product time lag was given us by the Garrett Corporation. -'g The total

time lag from the start of its work on high-speed rotating machinery for the aircraft in-

dustry to the commercial success of a product incorporating the technology resulting from

this work--a turbo charger for diesel and gasoline engines--was 17 years. Had this pro-

duct been conceived in the missile or space program, it would not be in existence yet.

B. DURATION

A time lag barrier exists, therefore, to the commercial application of missile/

space innovations, and a few figures have been presented to indicate its significance.

*- In this case, the by-product evolved from aircraft work and therefore is:not included

in Chapter VI.
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However, a quantitative estimate of time lag is meaningless unless viewed in light of

those factors which affect its duration. Unfortunately, those factors are not well under-

stood. Some of the companies interviewed or contacted by questionnaire set forth pos-

sible determinants of time lag duration, based upon their own experience. These can be

summarized as follows:

I. Non-missile/space utilization of missile/space developments or concepts is

necessarily a secondary objective. Many concerns participating in the missile/space

program have been too concerned with fulfilling their primary objective in that program

to give much attention to possible commercial application of knowledge gained.

2. The technological content of most missile/space products is many years

ahead of that found in commercial or industrial products. Introducing such products be-

fore their time into an industrial or commercial system is analogous to using a pile-

driver to pound a nail.

3. Most missile/space products, because of their high technological content, are

expensive relative to their industrial or commercial counterparts. For example, an

extremely reliable resistor may be an absolute necessity in the Minuteman program but

a luxury in an industrial computer. Initially such a product may receive only specialized

industrial use, but as more units are used the price will come down and as the price

comes down more units will be used. Eventually the product may find widespread non-

space use but this process of "sliding down the cost curve" takes time.

4. A corollary to the latter two points is that missile/space products or develop-

ments representing small improvements transfer into the commercial economy faster

than those representing major innovations.

5. The intensity of the effort put forth to commercialize a missile/space develop-

ment can affect the time lag. This effort can be divided into three parts: (a) adapting the

product or development to commercial or industrial use from its present missile/space

form; (b) producing it; and (c) actually selling the product. But, many missile/space

oriented firms are not organized to do these things, thus increasing the time lag.

Each of these factors indicates, as would be expected, that profitability is an im-

portant key to time lag. Edwin Mansfield, Associate Professor of Economics at Carnegie

Institute of Technology, doing work on a related subject, has come to a similar conclusion.

Basically, he concerned himself with the questions: 1) How long do firms in a given in-

dustry take in adopting a technological innovation, once it has been adopted by one firm ?

2) What factors determine the length of time taken? After studying 12 important innova-

tions in four major industries, he reached these conclusions: 1) Diffusion of a new tech-

nique is slow; except in a few cases, ten years or longer elapsed before all major firms

in an industry had introduced the innovation in question. 2) Higher rates of diffusion are

associated with more profitable, less risky innovations. Determinants of risk would in-

clude size of capital expenditure and number of other firms which had already adopted the

innovation. 3) Although no statistically significant correlations were observed, the rate

of diffusion apparently increases when the innovation does not replace durable equipment,

when an industry's output is growing, and when the innovation is introduced at a later date

in time, i.e. , innovations introduced in the 1900'stended to diffuse more slowly than

those introduced in the 1950's. _
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While Mansfield was dealing with a different time lag, the time lag between the

first and last company's adoption of an innovation, his work underlines the importance of

time lag and of profitability in accelerating commercial application.

C. CONCLUSIONS

We can observe that, because of the relative newness of both the missile and

space programs, commercial products incorporating missile/space contributions are

just beginning to appear. The Air Force missile program did not really get under way

until the mid-1950's; NASA was not established until 1958. Figure I presents estimates

of the time and money involved in missile/space programs to date. Taking time lag into

consideration, it would be unreasonable to expect a large proportion of the transfers

which eventually will occur to have occurred at this time.

We can also observe that while there has been some investigation of the factors

which influence time lag a better understanding is needed. Questions which appear to

need further research include: What part does technological content play in increasing

time lag? How important is marketing in decreasing time lag? Is the time lag decreas-

ing with the increasing store of technology, as Mansfield suggests? Are certain indus-

tries more apt to adopt innovations than others? Are certain institutional structures

more receptive to innovations than others? If obtainable, answers to these and other

questions pertaining to time lag may permit interested organizations to take positive

action in accelerating the commercial application of missile/space technology.
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Chapter V

METHODOLOGY

The proposal leading to the NASA grant sponsoring this study of missile/space

technological transfer was prepared in the Spring of 1961. Sufficient background research

was performed then to indicate that difficulties would be encountered in identifying and

documenting instances of transfer. Therefore, it was proposed that various points of

entry into the problem be explored on a trial and error basis, with the major research

emphasis placed on those avenues which were subsequently determined to be the most

promising.

Most of the anticipated difficulties materialized after the study got underway in

December 1961, plus a few more. Many of these have alreacly been described in Chapter

III. In general, the number of transfers or items of contribution exceeded by a substan-

tial margin what hadbeen anticipated. However, there were fewer clear-cut examples

than expected of commercial products which had resulted almost wholly from missile/

space contributions. Instead, the majority of the ingredients of most commercial prod-

ucts, which had received impetus from missile/space programs, came from non-missile/

space sources. This complicated the identification process, as is discussed in Chapter

III.

The approach used in the study is outlined in the following sections. Development

of the study framework is discussed first, followed by descriptions of the central research

effort and alternative points of entry which were attempted, including brief evaluations of

each. The discussion concludes with a few remarks about the verification procedure.

A. DEVELOPING THE FRAMEWORK

A literature search revealed little information of direct value to the major ob-

jective of identifying missile/space transfers to the non-missile/space sectors of the

economy. The few sources which did attribute specific items to the missile/space pro-

grams later proved too inaccurate to be of much value. Considerable useful background

material on inventive activity and communication was found (see References and Bibliog-

raphy).

Early in the study, interviews were conducted with a variety of persons selected

on the basis of related experience. Included were individuals in NASA, various private

and public economic research groups, trade magazine staffs, the National Science Foun-

dation, the Library of Congress, the staff of the House Committee on Science and Astro-

nautics, and the Office of Technical Services, U. S. Department of Commerce. In addi-

tion, the professional staff of the Denver Research Institute was canvassed for prelimi-

nary ideas and transfer leads.

On the basis of these preliminary steps, a definition of "missile/space" was

formulated for the study purposes, and preliminary criteria were developed to govern

what qualified as a missile/space transfer. The initial interviews were very helpful in

anticipating data collection difficulties, in formulating classes or types of transfers to

be sought, and in suggesting sources of related information.

It became apparent at this time that major reliance would probably have to be

placed on direct contact with individual organizations, especially industrial firms, to
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produce useful results. Therefore, an interview guide was prepared which also could be

used as a mail questionnaire. This was pre-tested in interviews with about a dozen firms,

modified, and submitted to and approved by the Bureau of the Budget via NASA, as re-

quired. A copy of the final questionnaire is included at the end of this chapter.

B. CENTRAL RESEARCH EFFORT

viewed.

Various methods of transfer identification were initiated during the study. Some

continued until identification efforts were concluded in October 1962; others were dropped

when they failed to produce results. Personal contact and mail questionnaires proved

more effective than the less direct methods discussed later, and field work was concen-

trated in these areas after February 1962.

Selected for personal contact were organizations which appeared most likely to

have or know about transfers. In all, 369 individuals in 189 organizations were inter-

These organizations fell into the following categories:

142 industrial firms

21 government agencies and installations

7 universities and university research organizations

8 independent research organizations

Ii miscellaneous

189 total

A letter, enclosing a questionnaire, to the president or head of each organization

preceded visits in almost all cases. Regarding industrial firms, the positions held by

persons interviewed varied widely, the initial interviewee usually having been chosen by

the president's office. Where appropriate, two or more persons per firm were seen.

Persons most often interviewed were technical and sales vice presidents, marketing and

product managers, product development and product planning personnel, laboratory

managers, and patent attorneys. On the average, personnel associated with product de-

velopment, product planning, and marketing were the most productive contacts for the

information sought. Seldom, however, did one individual have all desired details,

necessitating additional interviews and/or follow-up correspondence or telephone calls.

Although there were notable exceptions, research personnel were often too remote from

marketing functions to be helpful, and public relations personnel were too far removed

from both technical and marketing functions to supply details required.

A number of firms contacted had established special groups whose purpose was

to find and exploit transfer ideas from the main stream of their research and develop-

ment efforts, as described in Chapter VIII. Usually, the transfer identification task was

relatively straightforward in such firms since most details could be furnished by these

special groups.

The personal contact method yielded the most usable information per contact and

in total--resulting in Ill of the 185 instances of transfer or contribution included in

Chapter VI, or 60 percent of the total. Firms in the aerospace industry, on the average,

were especially fruitful sources of information, probably because the transfer frequently

took place within the 'firm and could be identified more readily. Government, university,

and independent research laboratories were handicapped by separation from commercial
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marketsandconsequentlypossessedlimited applicationknowledge.Informationobtained
from tradeassociationswasdisappointing,againprobablydueto marketseparation.

Themail questionnaireroutewasusedextensivelyto broadenthe coverageof
organizations. In JuneandJuly 1962,questionnairesweremailedto 3,507organizations.
Replieswererequestedeventhoughtherecipientcouldreport no instancesof transfer.
Replieswerereceivedfrom 988organizations,a28.2percentresponse;no f011ow-upof
non-respondentswasmade. Onlya smallproportionof thereplies, 5.7 percent,pro-
duceddescriptionsof transfer includedin ChapterVI.

Themailinglist wascompiledfrom severalsources:

Numberof Typeof
Organizations Organization

1,947 Company

m397 Company

600 Company

• 167 Company

58 Company

26 University

30 Trade Asso-

ciation

7 Government

Agency

275 Company

3,507 Total

Source

Poor's Register of Directors and Executives, 1962.

Selection procedure: ll5 four digit S.I.C. codes were

selected from the Standard Industrial Classification

Manual by eliminating those believed least likely to

have experienced missile/space transfer; Poor's

Register contained i4, 168 companies in these ll5

codes, of which every sixth was chosen, using a table

of random numbers to choose the first one in each

category; after elimination of duplications with other

lists, the total of 1,947 firms resulted from this proc-

ess.

Fortune magazine's listing of "500 Largest U. S. Indus-

trial Corporations. "

Compiled from miscellaneous sources.

Electronic Industries Association membership.

Aerospace Industries Association membership.

Those having the largest dollar volume of government

contracts in the missile/space field.

Those judged most likely to have had contact with the

miSsile/space programs.

Included research and patent offices of U. S. Army,

Navy and Air Force, plus patent office of A.E.C.

Leads gathered from a variety of sources such as

magazine advertisements, articles, exhibits, and

individuals. Special paragraphs were inserted into

many of these letters referring to the lead and request-

ing further information.

An effort was made to construct a portion of the mailing list to permit some sta-

tistical analysis of the returns. However, the usable data were too limited and scattered

for such an analysis to be statistically meaningful.

;:: Duplications with firms on other lists were omitted from these lists.
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Of the 185 examples included in Chapter VI, 74 (40 percent) were derived by this

method.

C. OTHER IDENTIFICATION EFFORTS

Trade journals, magazines, and newspapers. Early in the study, a selection was

made of trade journals, magazines, and newspapers considered most likely sources of

transfer leads. These were monitored throughout the information-gathering portion of

the study: Air Force and Space Digest, Astronautics, Aviation Week, Business Week,

Data, Electrical Design News, Electronic News, Industrial Research, International

Science and Technology, Medical Electronic News, Missiles and Rockets, Science Trends,

Scientific American, Space Aeronautics, Wall Street Journal, and Western Electronic

News.

The new product sections, regular features included in a number of these periodi-

cals, were watched carefully at first for leads but they did not prove fruitful. A few

good leads were found in articles and advertisements. The major value of this effort

was in providing background information.

Government Information Services. Several periodic government publications

designed to disseminate technical report descriptions were monitored early in the study:

Scientific and Technical Aerospace Reports (successor to Technical Publications Announce-

ments), a semi-monthly publication of the National Aeronautics and Space Administration;

Technical Abstracts Bulletin, published by the Armed Services Technical Information

Agency (ASTIA); and reports prepared by the Office of Technical Services, U. S. Depart-

ment of Commerce. Few leads were obtained from these sources because possible com-

mercial applications were not described. Considerable time was required to monitor

them and this activity was discontinued after several months. Later, a few specific and

helpful individual reports were obtained from these agencies which were brought to our

attention by other sources.

NASA. Certain of the records in the patent office of NASA pertaining to waivers

for invention rights were examined and the petitioners were contacted by letter to ascer-

tain whether any of the inventions were being worked on a non-space basis. No instances

of transfer were identified by this method, although some may result from further de-

velopment work in process. In addition, contacts were made with the NASA Research

Centers. Five were visited, and the remaining five were contacted by letter. A few

transfers were identified by this process and are included in Chapter VI. At the time

these contacts were made, the NASA Office of Technology Utilization was in the early

stages of formulating a program to identify developments of potential commercial use in

the Centers. Therefore, our timing was premature to capitalize on this identification

medium.

Conferences and Conventions. Several conferences, which appeared to be of

possible help to the project effort, were attended in conjunction with interviewing trips:

Annual Public Conference, The Patent, Trademark and Copyright Foundation of the

George Washington University, Washington, D. C.; "Managing the Technological Revo-

lution," 32nd National Business Conference, Harvard Business School, Boston_ Massa-

chusetts; and the National Aeronautics and Space Administration Second National Con-

ference on the Peaceful Uses of Space, Seattle, Washington. In addition, the Annual Con-

ference of the American Association for the Advancement of Science, Denver, Colorado,

was attended. These provided helpful background information.
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TwoconventionsjWesternSpaceAgeIndustriesconventionin SanFranciscoand
theInstituteof RadioEngineersconventionin NewYorkCity, wereattendedbyInstitute
personnel. Althougheachconventiondisplayedmanynewproductswhichappearedlikely
to havemissile/spaceprogramconnection,transferidentificationwasdifficult because
thepersonnelmanningdisplaybooths,generallyspeaking,werenotwellversedonthe
history of a product'sdevelopment.In addition,thenumberof products displayed was

too large for comprehensive coverage even if the information had been available.

D. VERIFICATION PROCEDURE

Methods used to obtain details surrounding the reported instances of transfer were

described at the beginning of this chapter. Difficulties encountered in determining whether

a reported transfer met the study qualifications are outlined in Chapter III.

At the beginning of the project, it was agreed that information supplied by a

responsible official of an organization would be sufficient verification of a reported trans-

fer. Upon completion of our field work, however, it became apparent that additional in-

formation would be desirable to place the individual instances of transfer in per spective.

That is, by grouping similar items and preceding their descriptions with a background or

historical and state-of-the-art discussion, the relative significance of missile/space con-

tributions to their development would be more clear. Preparation of this background

material was a major task but it greatly aided the qualitative analysis of the transfers and

produced a better understanding of the diffusion process.
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Approved: Bureau of Budget No. 104-6201

QUESTIONNAIRE Expiration Date December 1962

A STUDY OF THE COMMERCIAL BY-PRODUCTS

OF THE U.S. ROCKET AND SPACE PROGRAMS

EXPLANATION

Every large research and development effort supported by the United States govern-

ment (such as World War II military research) has produced substantial technological

advances useful to private industry. There has usually been a long time lag, however,

before the impact is felt by industry.

The National Aeronautics and Space Administration would like to speed up the

process of introducing applicable space technology to non-space industry. New product

development, based on rapid technological advances, is one of the best ways for American

industry to compete with foreign industry. Part of the problem is to identify space

by-products that are already used or produced by industry and to find out how the

ideas migrated from the space program. The University of Denver Research Institute,

financed by a grant from NASA, is investigating this part of the problem.

Details of the information we seek are outlined below. At the end of each section

of descriptive material, we have asked general questions. We have done this, rather than

use a questionnaire with blanks, to give you maximum latitude for reply.

INFORMATION DESIRED

In answering, please try to comment on each of the numbered questions for each of

your by-products. Photographs or descriptive material would be helpful. Please send your

reply to: Industrial Economic Division, Denver Research Institute, University of Denver,

Denver 10, Colorado.

What do we mean by a space "by-product"? A space by-product, first, has a non-space

use. Second, it is a device, material, process, system or technique which has resulted or

received impetus from the rocket and space effort.

_uestion: 1. What by-product(s) does your firm utilize or produce, and briefly, how
is it described?

A space by-product may be based on:

--An entirely new discovery.

--An invention or innovation.

--An improvement of an existing device, material, etc.

--An old discovery or device made commercially feasible by large-scale production for

the rocket and space market.

--Any other development which exists because of the space effort.

Ouesfions: 2. In which category does your by-product lit?

3. What is the history of your by-product's development? (In other words,

what pre-space development did your by-product come from, and what part

did the rocket and space effort play in its further development?)
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A space by-product may be related fo the space effort in many ways:

--It may have been developed to go on a particular rocket or space vehicle.

--It may have been developed to supplement the production or launching of a vehicle

(ground support equipment, test equipment).

--It may have been developed to sell to the missile and space market in general (off the

shelf items).

Questions: 4. How is your by-product related to the space program; what are its rocket

or space uses?

5. What are its present non-space applications? Future?

Development of a space by-product may be funded in several ways, for example:

--Funded in-house.

--Funded by NASA.

--Funded by the Department of Defense or other federal agency.

--Funded by another firm.

(_)uestion: 6. How was development of your by-product funded?

Better information regarding the channels through which space technology moves will

permit wider use of this technology.

(_uesfions: 7. How did you acquire information on the space technology that went into

your by-product?

8. What could be done to improve the flow to you of useable information

about space technology?

Any additional remarks or comments would be appreciated.

Confidential" Treatment

We shall respect your wishes to keep any information that you give us

confidential. If you desire your reply to be treated confidentially, please

so state in your reply. If so stated, we shall follow this procedure:

Before including any information you have marked confidential in

our report to NASA, we shall submit our write-up to you. You may

then make any corrections before approving its use. In no case will

we include confidential information in the report until we have your

written permission.

_Business confidential, not to be confused with the security classification

"'confidential."
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Chapter VI

EXAMPLES OF TECHNOLOGICAL TRANSFER

A variety of contributions, mostly in the form of transfers of missile/space tech-

nology to the non-missile/space sector of the nation's economy, were identified in the

course of this study. As was described in Chapter V, identification techniques included

interviews and the use of a questionnaire. An explanation of the information search pro-

cedure, with its multiple problems and inferences, was detailed in Chapters III and V.

The purpose of this chapter is to present in an organized fashion specific examples

of these contributions as revealed by some of the companies and government agencies

cooperating in the study. The term "by-product, " while prominently used in the word-

ing of the study grant, is used only with discretion throughout this report for reasons

thoroughly explained in Chapter I. Briefly, however, the term was often found to be in-

adequate or misleading in attempting to identify the much broader concepts of missile/

space "contribution" or "technological transfer. "

It should be made clear at the outset that the example descriptions in this chapter

of the various forms of missile/space contribution were authorized and, for the most

part, supplied by the responding agencies and companies. However, each major cate-

gory of contribution, e.g., Instrumentation, is preceded by background information

which places the examples themselves in some perspective. Such backgrounds were,

for the most part, prepared by the Denver Research Institute staff.

To qualify as a missile/space program contribution and consequently for inclusion

in this chapter as an example, the described product or development must: l) have re-

ceived some impetus from the missile/space program, and Z) have either experienced

a non-missile/space use or have a reasonable potential for such use. It was found that

all contributions could be classified into one or more of six categories which are set

forth in some detail in Chapter I.

Even though the term "missile/space" is sometimes cumbersome when used to

identify a described contribution, it has significant connotations in the context of this

study. Without embarking on a lengthy discourse in semantics, suffice it to say that a

"missile/space" contribution refers to a device, system, technique, material, etc. , de-

rived from or given impetus by a missile program, a space program, or both. For

example, a technological or product derivative from the Mercury program would be re-

ferred to as a "space" contribution while one from the Titan program would be a "missile"

contribution. However, since both types of programs are often involved in a single

contribution, or since it is convenient to refer to both missile and space programs simul-

taneously, the term "missile/space" is often used.

Furthermore, "missile/space" is interpreted to involve a vehicle that is not

dependent on aerodynamic principles for support. However, this restriction was broadly

interpreted to permit inclusion in the examples of derivatives from the X-15 and the

Navaho missile, systems having both rocket and aerodynamic characteristics.

Before dismissing a discussion of terminology, it might be appropriate to distin-

guish between the terms "non-missile/space" (particularly cumbersome) and "commer-

cial. " Certain contributions of the missile/space effort are "commercial" in the sense

that they help create technologies or specific, marketable products of benefit to civilian

industry and ultimately to the private consumer. In addition, however, there are also
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examplesof adaptationof missile/space-foundedtechnologyto non-missile/spacemili-
tary or othergovernmentalapplicationsandthese fall within the scope of this study. For

this reason, "non-missile/space" is a more flexible concept than "commercial. " How-

ever, when the missile/space derivative was obviously commercial in the sense just

described, the term "commercial" was employed.

To embrace the full impact of missile/space contributions, it was necessary to

draw upon entire missile systems and space systems for examples. For instance,

transfers originating in ground support equipment development were included since the

development of ground support equipment was a missile or a space requirement. The

same reasoning applied to other aspects of missile/space systems, such as production

techniques and management systems. In fact, one section is devoted to "Management

and Control--PERT. "

Communications and weather satellite programs were specifically excluded from

the examples, except as R & D on system components themselves might have resulted

in commercial applications of discoveries, innovations, and the like. The omission of

these systems was specified by the sponsor.

Research and development efforts on missile/space programs have been spon-

sored principally on a contract basis using government funds from three main agencies:

NASA, the Department of Defense, and the Atomic Energy Commission. However, there

are included in this chapter examples of missile/space oriented contributions from

developments that were originated and funded not by the government but by private in-

dustry and independent research organizations. As it was the existence of the missile/

space market that encouraged these non-governmental R & D efforts, it was appropriate

that they be included. Also included was missile/space I_ & D performed by various

federal laboratories. From whatever source, contributions from research motivated by

the missile/space programs were included.

Within this frame of reference then, the content of this chapter has several in-

herent limitations which should be noted:

I. The items of contribution presented can be considered neither a complete

listing, i.e., a census, nor representative in the statistical sense of what may actually

exist. For reasons explained in Chapters III and V, it is doubtful that a complete listing

could be compiled, regardless of study effort. While an attempt was made to construct

a sample of industrial firms to permit generalizations of certain study results, such

results have no statistical reliability, for reasons also explained in Chapter V.

Z. The contributions presented here represent less than half of the items re-

ported by the organizations contacted or tentatively identified from other sources. It

was impossible in certain cases to obtain sufficient details in order to be reasonably

certain the items qualified as contributions. In other cases, it was apparent that the

reporting organizations had not fully understood what qualified an item as a contribution.

In still other cases, it was necessary to make somewhat arbitrary eliminations of items

which appeared too doubtful to warrant follow-through. Therefore, an unknown number

of prospective items of contribution reported or otherwise tentatively identified during

the course of the study were undoubtedly omitted.

A study of this kind is sometimes an easy receptacle for inaccurate information

from responding organizations. Research people often have little control over individuals

who finally disseminate P_ & D results, particularly in large organizations. This may
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leadto the identificationof a by-productor item of contributionfrom themissile/space
effort whichdoesnot truly qualifyunderstudycriteria. Also, historical origins of an
item of contributionare relativelyunimportantto mostorganizationsandhenceseldom
recorded.

To reducetheprobabilityof inaccuracies,twostepsweretaken: a)Appropriate
technicalstaffmembersof DenverResearchInstitutereviewedeachexampledescription,
addingmoredescriptivematerial wherefeasiblefromliterature searchesandpersonal
knowledge,b) Thatpart of the descriptivematerialbasedonthe respondingorganiza-
tion's submissionwas referred to theorganizationfor review.

3. Descriptionsof the examplesof contributionsare not intendedto be in any
senseall-inclusive. Manyimportantcontributionstothedevelopmentof pre-missile/
spacetechnologiesareomittedastheir inclusioncouldfill volumes; besides,theyare
notwithin the scopeof thestudy. However,backgrounddataprecedingeach"case"
descriptionservessomewhatto fill this informationvacuum.

Withinall of theselimitations, selectedexamplesof missile/spacecontribution
follow--the itemswith similar missile/spacefunctionsandtherefore similar technologi-
cal characteristicsare groupedtogetherundera majorcategoryheading. Categorization
of this kind is alwaysdifficult andsubjectto variousinterpretationssothat someof the
groupingsmayappearquitearbitrary. Technologicalbackgroundsandexperiencesof
individualDenverResearchInstitute staffmembersdictatedsomeof thegroupingsas
mightbeexpected. Exampleswhichoverlappedseveralcategorieswereplacedwhere
themissile/spacecontributionseemedthemost significant.

It mightbeadvisableto refer to thetwoexhibitsat the endof ChapterI before
examiningtheexampledescriptionsthemselves:ExhibitA, "Summaryof Missile/Space
Contributionby TechnologicalArea" andExhibit B, "Tabulationby TypeandDegreeof
IdentifiedMissile/SpaceContribution."

Presentationof theexamplesfollowsthis format:

A. TITLE OF BROAD TECHNOLOGICAL AREA

I. Title of Technological Sub-Area

This is followed by a background summary of that area of technology--the when,

who, why and how of the particular discipline or sub-discipline.

Name and Location of Responding Organization

Which Reported the Contribution

title of item Description of the contribution as supplied by the

to which missile/ responding organization. When additional material is

space programs supplied by Denver Research Institute, it is separated

made contribution from the example description by a series of four

asterisks. Deviations from this format have been

made to provide for exceptions. However, the description of the contribution

example as supplied by the responding organization always immediately follows

its name. Examples of contribution not readily identifiable with a specific

technological grouping are contained in sections designated "Miscellaneous. "
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A. INSTRUMENTATION

i. Resistance Strain Gages

A strain gage is normally used to detect and measure displacement resulting from

stress, or, as a transducer, to indicate force, torque, acceleration, linear or angular

displacement, flow or pressure. The origin of the strain gage dates back about 300 years

to Robert Hooke who discovered that, within limits, stress (force) is proportional to

strain (mechanical deformation). Later, Robert Young (1773-1829)provided a quanti-

tative relationship between stress and strain in the form of the Modulus of Elasticity.

Poisson (1781-1840) extended the laws of elasticity by discovering a relationship--

Poisson's Ratio--which made possible the extension of the study of strain to three di-

mensions. I

In 1856, Lord Kelvin discovered that certain metals, when subjected to strain,

undergo a change in electrical resistance. Application of this to the measurement of

strain, however, was not made until the late 1930's when gages were built by mounting

wires on a frame whose two parts could move with relation to each other, thereby chang-

ing the tension in the wire. Increasing the tension would elongate the wire, diminishing

its cross-sectional area in accord with Poisson's Ratio, thereby increasing its resistance

(Strain also influences the availability and mobility of electrons in the wire, but this effect

is not completely understood. } Strain, then, produces an increase in resistance in most

metals--although some show a decrease. I

In the late 1930's, the mechanical frame was eliminated by cementing the sensing

element directly to the surface on which strain was to be measured. Soon afterwards,

strain gages were made easier to use by premounting them on thin paper or plastic

car tie r s.

Sensitivity of these frameless, or bonded, strain gages was increased with the

substitutions of foil or evaporated metal films for the wire. Such gages, first available

about ten years ago, have undergone extensive development since. These are easily

made in a great variety of sizes and patterns for measuring various forms of distortion.

In the past few years, gages utilizing semiconductors have been built and undoubtedly

will find broad use in the future for determining very small displacements, as they are

much more sensitive than their metallic counterparts.

A major effect of space research will be to expand the sphere of application of

the strain gage. Missile airframes and engines face temperatures far in excess of

present strain gage limits. Gages are now needed to measure displacement at tempera-
z

tures varying from 4°K to 1000°F; soon gages for use up to Z000°F will be in demand.

At high temperatures, the electrical resistance of the gage material changes; gage grid,

carrier and bonding cement undergo thermal expansion; electrical insulating property of

the cement changes; strain sensitivity of the grid material changes; gage oxidizes or

corrodes more rapidly; and finally, many cements decompose. 3 Organic cement and

epoxies, for example, lose dielectric and mechanical Strength above 500°F. Phosphate

and ceramic cements are useful to 1000°F; above 1000°F weldable strain gages must be

used. (See the description which follows on Weldable Strain Gages, Microdot, Inc. in

this section. )

Another trend in recent years has been toward improved readout equipment.

Readout equipment has progressed from single channel devices, operated by a skilled

technician, to miniaturized, multichannel equipment which can monitor and automatically
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process the signal from many strain gages at once. Much impetus has come from the

missile/space field where this type of equipment is a necessity. (See the descriptions

below of Indicating Millivolt Potentiometer, Ames Research Center and the two examples

from B & F Instruments, Inc. )

Examples of missile/space impetus to commercial applications of strain gages

follow.

Baldwin-Lima-Hamilton Corporation

Electronics Division

Waltham, Massachusetts

strain gages The primary activities of the Electronics Division are

and transducers the development and manufacture of devices and systems

improved through for precision measurement and control. Much of the

missile work division's work is the development of products and

processes based on the SR-4(R) strain gage, developed

in the late 1930's by E. E. Simmons of the California Institute of Technology and

Arthur C. Ruge of MIT. Four basic types of strain gage are currently being

produced by the division--the SR-4 Bonded Wire, the SR-4 Bonded Foil, the BLH

Semiconductor and the Strainline Photoelastic. Within these, 300 standard models

are made, and custom models are available. Strain gage and temperature meas-

uring products manufactured by this division are used in all phases of the missile

program to determine safe stress levels, stresses at exceedingly high tempera-

tures on nosecones, and stresses in rocket casings before, during and after

fueling.

The division also manufactures transducers based on strain gages to

measure force, pressure, and torque. Its line of precision force transducers is

used in the space effort to measure missile weight during fueling, to measure

missile thrust during static missile firing, and to locate missile centers of

gravity and main thrust vectors. Its line of precision pressure transducers is

used to measure rocket chamber pressures, fuel line pressures, and other

pressures vital to the successful operation of missiles.

In order to keep pace with the needs of the space effort, the company is

continually developing new and more precise force and pressure transducers.

As such devices are developed, they are also applied to the company's commer-

cial activities. As an example, BLH can now offer more accurate, more stable,

and more repeatable force transducers with capacities from ten pounds to six

million pounds for commercial weighing--as used throughout industry. More

precise pressure transducers are also applied to commercial industry.

Many of the products developed for the missile/space industry were im-

provements of products originally developed for the commercial field. Improved

performance characteristics for missile/space are naturally reapplied to the

commercial industries for which they were originally developed.

A Western Regional Strain Gage Committee organizes meetings twice a

year between BLH and companies using their strain gages. The meetings give

BLH an opportunity to tell of new advances in strain gages and related products
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andto learn of customers'specificneeds. Themeetingshavebeenheldtwicea
year for the last fouryears; aboutfifteencompaniesattendedthelast meeting.

TheBoeingCompany
AssociatedProductsDivision
Seattle,Washington
miniature

displacement

vibrometer

This transducer was developed for wind tunnel testing

in Boeing's missile, space, and aircraft programs.

The primary use of the device has been the measure-

ment of structural deflections excited by complex

(potential) vibrations. The alternative--using accelerometers and

integrating twice to get displacement--requires more equipment and is not as

accurate on displacement or phasing measurements.

The sensitive element of this transducer is a strain gage; therefore, the

output signal is directly proportional to the amplitude of vibration to which it is

subjected. Furthermore, the transducer is well suited to high temperature

operation (500 ° to 900°F). Without modification, the unit can be calibrated to

transduce low frequency and steady state acceleration.

Boeing estimates that production costs are comparable to, or lower than,

acceleration transducers, depending on accuracy, quality, and size. Total cost

could be appreciably less in many instances because of simpler, less specialized

support equipment. Low cost and small size are two of the transdueer's most

important advantage s.

Boeing anticipates that this instrument can be used in structural testing, as

in turbine engines or automobiles. This product is currently in the process of

being licensed by Boeing.

Microdot Inc.

South Pasadena, California

weldable Although strain gages have existed in several forms for

strain many years prior to the space age, they were limited

gage in that they had to be cemented with some form of glue

or epoxy to the surface to be measured. This method

of attaching strain gages proved unsatisfactory on high Mach number vehicles or

missiles. Therefore, strain gage technology was advanced by a weldable strain

gage developed for aircraft and missile/space applications by Microdot. For

example, it was used on the X-15 and its predecessors. This gage provides a

means for making either static or dynamic measurements of pressure, force,

and acceleration, at temperatures ranging to 750°F (static) and 1500°F (dynamic).

It consists of a one-piece etched wire filament in a swaged stainless steel tube.

The filament is surrounded by tightly packed metallic oxide insulation. The gage

can be welded to most ferrous and non-ferrous metals, including aluminum,

magnesium, thorium, titanium, and lithium.

A later model of the same strain gage has leads which are brought through

a stainless steel tube fused to the outer tube of the strain gage and subjected to a

helium leak detection test to assure that the unit is hermetically sealed.
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Non-spaceapplicationsof theweldablestraingageinclude: measurement
of piling strengthonthe St. LawrenceSeaway;measurementof strengthof atomic
submarinehulls; measurementof internalpressureof tanksof corrosivechem-
icals; andapplicationsinsidereactor coresat LosAlamosby theAEC.

LockheedElectronicsCompany
Plainfield, NewJersey

palladium Lockheed Electronics Company discovered a palladium-

silver silver alloy that has the lowest temperature coefficients

alloy of electrical resistance over extreme temperature ranges

(potential) of any known material. The discovery was the result of

the firm's effort under a Department of Defense research

contract to find materials suitable for accurate measurements at very high tem-

peratures, e.g. , strain gages employing palladium on re-entry vehicles.

Although the use for this development seems limited, an alloy with these

properties appears to have potential application in many types of non-space

scientific instrumentation where it is necessary to avoid temperature effects.

Ames Research Center

National Aeronautics and Space Administration

Moffett Field, California

indicating NASA's Ames Research Center uses resistance strain

millivolt gages extensively in its wind tunnel work. The IMP

potentiometer was devised to fulfill a need to measure the outputs from

resistance strain gage transducers with an instrument
(potential)

that is simple to operate. It is intended for use with

steady DC signals. Adjustable DC power is provided for excitation of the trans-

ducers. Convenient controls allow the setting of sensitivity and "zero" output

level over wide ranges. The output is digitized by means of an indicator dial.

The IMP is a self-balancing servo-amplifier system that compares the

external unknown signal with an automatically adjusted internal voltage so as to

"null" the difference between them. The servo motion positions the indicator on a

± i000 count dial to yield the digital reading. (A potentiometer whose wiper

position varies with the indicator is also available to yield an analog high-level

voltage output. )

The IMP sensitivity is continuously adjustable from below 0. 8 microvolts/

ct. to 60 microvolts/ct. Its accuracy is +l count or 0. 1 percent of full scale.

Provisions have been made for compensation of thermoelectric potentials devel-

oped in the transducer and internal to the IMP.

In addition to its use with strain gages, the IMP may also be used to indi-

cate the signal output of potentiometric transducers, resistance thermometers,

and thermocouple s.

So far, this device has only been manufactured under contract let by Ames

Research Center to fill its own needs. However, Ames feels that the IMP has

several advantages to offer commercial industry. The internal power supply,
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internal temperaturecompensation,high sensitivity, andavailability of room
andtorquefor the servo-systemare featureswhichare notusuallyavailableon
otherpotentiometers.

B & F Instruments,Inc.
Philadelphia,Pennsylvania

TenyearsagoB & F Instrumentsgot its startwith a standardline of input
conditioningandbridgebalanceunits. Thesewere capableof operatingfrom
batteriesor powersupplies. Impetusfrom thevariousaircraft, missile, and
spaceapplicationsduringthepastdecadehasenabledthefirm to developits
equipmentin anumberof directionssimultaneously.Customerdemandshave
placedemphasison suchneedsas versatility, sophistication,completeauto-
mation, subminiaturization,andflexibility.

Mostof thecompany'snon-spacedevelopmentshavebeenachievedthrough
fixedcostproductioncontractswith NASA,theDepartmentof Defense,andother
federalagenciesandtheir major contractors. Thecostof final developmentand
packagingof the itemfor its industrialuseis usuallyamortizedover theactual
productioncontractsfor thenon-spaceapplications.

input Oneexampleof this by-productdevelopmentis the
conditioning company's strain gage and transducer input conditioning

equipment equipment. In non-space applications, this input con-

ditioning equipment has been applied to data acquisition

control and monitoring in many industries. It conditions the output of transducers

and prepares the output for entry into acquisition or control systems. Process

industries such as glass, paper, and synthetic fibers are becoming more familiar

with the strain gage and its uses.

strain and Another example is B & F's multichannel strain plotters

thermocouple and thermocouple plotters. These instruments are used

plotters to prepare individual plots of strain versus load or

temperature versus time for a number of variables. The

automobile industry as well as other industries utilize most of these products for

structural analysis in much the same manner that they were used by the early

flight testers. Specific examples of non-space applications of these devices include:

the structures laboratories of various universities have been purchasing these

plotters to run stress-strain curves on various materials; manufacturers of large

equipment, such as earth-moving vehicles, have been using them to prove out

their designs; and road builders have been using the plotting equipment to de-

termine long-term concrete creep.

Z. Infrared Instrumentation

Infrared radiation is a form of electromagnetic radiation produced by any warm or

hot object. Its wavelength is shorter than a radio wave but longer than visible light.

"Infra" is from the Latin "beyond, " so infrared means "beyond the red. "

Infrared studies date from about 1800 when Sir William Herschel investigated this

portion of the electromagnetic spectrum. Little was done in the ensuing thirty years,

primarily because of a lack of suitable apparatus. Following this period a limited amount

of activity took place as a result o_f_the development of the thermopile detector. Between

1880 and 1900 great advances were made in the understanding of this spectral region and
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its relationto the total electromagneticspectrum. From 1900to about1920,technical
andscientificprogresswasrapid. Technologicalprogressin thegenerationof shorter
andshorter radio waves,on theonehand,andthedetectionof longerinfraredwaves,on
theother, closedthegapbetweenthetwoforms ofelectromagneticradiation. In the
sameperiod, the existenceof characteristicabsorptionandemissionspectraof elements
andcompoundsin the infrared regionwasdiscovered.This madepossiblethe identifi-
cationof complexorganicmaterials, as well as an understanding of their molecular

structure. 4

In the period 19Z0-1940 solid state, infrared, photoconductive detectors were

introduced and developed. The increased sensitivity of these materials permitted more

sophisticated research programs and rapidly expanded the use of infrared methods in
4

chemistry and pyrometry.

Although the theory involved in infrared spectroscopy has been understood for

some time, the widespread use of this technology has a fairly recent history. This is

due both to the recognition of this branch of science as a powerful analytical tool and to

the usefulness of infrared in weapons, space, and military surveillance. The impetus

given infrared research by World War II has been continued by the needs of the missile/

space program. Commercially available applications have resulted, ranging from rapid-

scanning monochromators, useful in the study of rapid chemical reactions, to detection

devices and photographic equipment.

Heat seeking guidance systems, utilized in the Sidewinder missile, have employed

extremely sensitive detection devices and means to accurately measure and control in-

frared parameters. Therefore, missile work can be partially credited with the P_ g_ D

instrumental in producing such equipment. Of more significance, however, is the quality

and quantity of instrumentation required for missile/space systems, necessitating more

refined, rapid production techniques. New production methods have reduced the cost of

infrared devices, making available a range of devices with various characteristics that

can be employed in commercial systems.

Examples of commercial infrared systems which have received this kind of

mis sile/spac e impetus follow.

Infrared Industries, Inc.

Waltham, Massachusetts

The nation's space and rocket programs have built on and contributed to

knowledge in the field of infrared technology. As a result, today there are

products in being utilizing infrared technology which probably would not other-

wise have existed. In many cases, the cost of a commercial product would have

been prohibitive if the rocket and space programs had not provided a market

large enough to permit mass production. Some of the new products which have

been developed around the experience gained from rocket and space programs

are as follows:

Astro-phone This is a telephone-like communications system based

on the same infrared principles that are used in the

guidance system of the Navy's Sidewinder missile and in Army and Navy signaling.

Two identical instruments, each about the size of a home movie camera, powered

by flashlight batteries, transmit line-of-sight messages on an infrared beam.
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Each unit contains both the transmitter and receiver. The transmitter consists

of a microphone, a voice-to-infrared converter, and an infrared source {ordinary

flashlight bulb). The receiver is made up of an optical system with infrared

filters, an infrared-to-voice converter, an amplifier and an ear-phone. The

system has a range of several hundred yards when the units are aimed directly at

each other.

The system was first marketed commercially in October 1960, under the

name "Infraphone," to the transportation and construction industries, and public

safety workers. During the Christmas season of 1961 the system was marketed

as a toy under the name "Astro-phone. "

infrared Another toy based on principles quite similar to those of

rifle and the Astro-phone system is the Crack Shot rifle and

range range. A pulse of infrared energy is emitted by the

rifle when the trigger is pulled. The target is simply an

infrared receiver, moving or stationary, which records hits by triggering a valve.

Infrabeam The Infrabeam is a photoelectric control device used for

door automation; machine control; area surveillance;

conveyor control; materials handling, inspection, and sorting; and liquid level

control. Development of the Infrabeam is based on knowledge gained from the

company's participation in the Sidewinder guidance program and on cheaper in-

frared components.

This device avoids many of the problems of light interference often associ-

ated with photoelectric controls. Optical filters selectively transmit only infra-

red radiation which is modulated or coded by the transmitter. The receiver is

attuned to the same modulation and infrared frequency, and thereby is protected

against saturation by visible light.

The transmitter and receiver are in two separate, detachable units with no

electrical intercormection. Each unit is approximately 6 X 5 × 7 inches and is

adjustable to operate either through reflection of the projected beam from an

object or interruption of a direct beam by the object.

Eagle "I" This device is quite similar to the Infrabeam. It is a

traffic vehicle detector which produces modulated infrared

detector energy and projects it as a curtain across the vehicle

lane. It can be used in either traffic control or counting

vehicle s.

Modulated infrared energy is directed through a Fresnel (spreader) lens

forming a curtain of coded infrared energy. The self-contained receiver is also

directed at the vehicle lane and is actuated by infrared energy reflected from

vehicles as they pass through the curtain. The entire unit--projector, receiver

and amplifier--weighs about 35 pounds and may be mounted over a traffic lane or

from a side angle. The traffic detector has been approved by the U. S. Bureau

of Public Roads and was first marketed in 1961.
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Minneapolis-HoneywellRegulatorCompany
HeilandDivision
Denver, Colorado
Traffitrol

Traffitrol is avehicle counting or control device which

vehicle employs infrared for detection purposes. It evolved

detector largely through the use of several components, notably

an infrared detector cell, supplied by companies whose

research in the field of infrared rocket and missile trackers created products

useful for non-space applications. Traffitrol is a compact unit which can be

mounted on existing poles or any convenient structure. Its operation is not

affected by stray radiation and will not interfere with radio signals. Traffitrol

detectors are being installed in many major cities in the United States as well as

abroad. Development costs were funded by the company.

3. Pressure Measuring Equipment

The first method of measuring static pressure which was capable of scientific

accuracy probably dates back to 1643 when the mercury barometer was used by Torricelli.

The mercury barometer measures external pressure by the height of a column of mercury

supported by that pressure. This method still serves as a primary standard. There was

little need for measuring time-varying (dynamic) pressures until the advent of the steam

engine, and its needs were satisfied by the relatively crude steam engine indicator giving

the pressure-volume diagram and thus a measure of "indicated" power output. With the

continued development of heat engines, the need increased for accurate dynamic pressure

measurements, leading primarily, in the pre-space era, to studies of internal combustion

engine characteristics, ballistics, and explosives.

The requirements,of combustion and other propulsion kinetics re search efforts

have increased in recent years. This has given impetus to the development of methods

for measuring dynamic pressure. Prior to this time, the development and use of such

equipment was primarily in the field of internal combustion engine research, where

significant progress was made. Now, however, these earlier requirements are being

exceeded by demands of high velocity shock wave deterioration, and other aerothermody-

namic studies. The basic objective remains the same--to determine the true magnitude

of pressure of the physical phenomena under study and to record its pattern of change

with time. 5

Many types of devices are now available for static and dynamic pressure meas-

urements. In most of these devices, the pressure to be measured produces a mechan-

ical strain or displacement which is then converted to an electrical signal. The basic

strain elements most used have been the Bourdon tube, in either circular or twisted

form, the single diaphragm in countless versions, the double diaphragm or capsule, the

bellows and, to some extent, the strain tube. Methods used for converting displacement

to electrical output have been based upon many forms of wire strain gages, potentiom-

eters with movable wipers, capacitance variation, reluctance variation, stretched wire

frequency variation, and "null" methods in which servomechanisms are used to achieve

a force balance. The piezoelectric principle {the interaction of mechanical or electrical

stress-strain variables in a medium such as quartz) neatly combines both strain element

and signal conversion in one piece.

Space and missile requirements have greatly accelerated the development of

improved pressure transducers and associated equipment. The pressure range and

frequency response characteristics of previously existing types were inadequate. Much
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improvementwasneededto insurereliable pressuremeasuren_entundersevereenviron-
mentalconditionssuchashighandlowextremesof temperature,corrosivefluids and
atmospheres,high levelsof shockandvibration, andthepossibility of severepressure
overloads.Additionalrequirements,for someunits at least, weretheability to function
properlyunderspace-vacuumconditions,to providerelatively highlevel outputfor
telemetrysystems,to havemaximumpossiblereliability, andto beof minimumweight
andvolume.

Oneof the critical problemsfacingthedevelopersof rocketenginesis combustion
instability. In studyingthis andotherproblemsit is necessaryto haveaccuratedynamic
pressuremeasurementsat frequenciesupto 50KC, well beyondthe rangeof all but the
most exoticsystemsasrecentlyas 1958.6

Althoughconsiderableimprovementcouldbeexpectedby further refinementand
modificationof existingdesigns,this neededorder-of-magnitudeimprovement,it was
apparent,wouldhaveto comefrom someotherapproach.

Twodifferentapproacheshavepr.oducedgreat improvementsin thetransducer
field. Oneexploitstheuseof electroniccompensationto overcomethephysicallimitation
of thebasictransducer;theotheris basedontheuseof semiconductormaterialswhich
exhibitthephenomenonof piezoresistance.

A breakthroughwasreportedearly in 1958byDr. F. F. Liu andT. W, Berwin
of Rocketdyne._ The"DADEE"system(DynamicAnalogDifferentialEquationEqualizer)
utilizes operationalamplifiers in a configurationdeterminedbythe differential equation
describingthedynamicresponseof thephysicaltransducer. By this means,"ringing" is
substantiallyeliminatedandpressuretransientshavingrise timesonthe order of one
microsecondhavebeenrecorded. TheDADEEsystemautomaticallyandinstantaneously
compensatesfor thedynamiccharacteristicsof thetransducerduringanytransientor
steady-statemeasurement.(SeetheRocketdynedescriptionwhichfollowsthis section.)

Piezoresistivetransducersarenowavailablecommercially,havemuchhigher
gagefactors, andmuchlesserror responsedueto shockandvibrationthanpreviously
availablestraingagepressuretransducers.8 Theseare suitablefor in-flight service
aswell asgroundtest work.

Spaceresearchrequirementshavealso stimulateddevelopmentof better methods
for measuringlow pressures,particularly for altitudemeasurementandwindtunnel
instrumentation.Theemphasisin the latter field is ondeviceswhichare adaptableto a
highdegreeof automationof datagatheringsystems.

Therehasbeenconsiderablecarry-over from the developmentof pressuretrans-
ducersfor missile requirementsto improvingthestandardsandincreasingtheknowledge
of thewholefield of pressuremeasurement.In addition,themissile/spaceindustryhas
createdaqualitymarketfor sophisticateddynamicpressuredevices,makingthem
generallyandeconomicallyavailablefor otherscientific andengineeringuses. In a very
real sense,in viewof pre-spaceandpresentdaysalesvolume,the requirementsof the
missile/spaceprogrammaybesaidessentiallyto havecreateda largepart of thepres-
entpressuretransducerindustry.

Examplesof missile/spaceimpetusto non-spaceapplicationsof pressuremeas-
uring devicesfollow.
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NorthAmericanAviation, Inc.
!_ocketdyneDivision
CanogaPark, California

DADEE This device was developed as a result of specific needs

dynamic which Rocketdyne experienced in the course of its mis-

analog sile and space programs. It provides a means to re-

differential cover, observe, and record--in real-time--accurate

equation analog data which would otherwise be masked and dis-

equilizer torted by the limitations of the measuring system. It

(potential) virtually eliminate s the undesirable "ringing" which
results from the excitation of the transducer at or near

the natural resonant frequency.

Rocketdyne licensed this device to the Data Instruments Division of Tele-

computing Corporation about four years ago. It is being marketed by Telecom-

puting under the name "Tranqualizer" which is a contraction for transducer-

equalizer. Initial marketing revealed the demand to be limited for the product

in its original form and at its original cost. Therefore, a product development

program was initiated by Telecomputing to adapt the device to a larger market.

This development was completed in the summer of 196Z and resulted in several

changes. The physical size of the device was reduced, which lowered the manu-

facturing cost and made it more competitive on a cost basis. The unit, originally

using vacuum tubes, was completely transistorized. The frequency range of

response was lowered to ten to Z0,000 cycles per second, suitable for a majority

of its potential applications. A second solid state unit available soon will have a

frequency response approaching 500 KC.

The sales volume of this unit has been small to date, and confined entirely

to the aerospace industry. However, Telecomputing anticipates that with the

improved device, it will be able to broaden its uses to include non-space appli-

cations.

It is believed that this device can be used wherever a problem exists in

extending the physical response of a transducer. This would be especially true

where it is necessary to make high-speed measurements, such as fast change of

temperature or acceleration. Specific examples might include internal combustion

research and gas turbine engine development.

Servomechanisms, Inc.

El Segundo, California

pressure

measuring

de vice

(potential)

Servomechanisms produces rocketsondes used in

meteorological instrumentation. The company is en-

gaged in supplying various temperature and pressure

measurement devices for use by government agencies

and their prime contractors.

The company's first contract required instrumentation that would measure

pressures at altitudes between 80,000 and 250, 000 feet where common barometric

sensing devices are not applicable. These pressure measurement devices are an

integral part of the nosecone of a rocket which is sent aloft into the atmosphere
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todetermineatmosphericconditionsprior to a missile launch. Thesedevices
arelifted, via a rocket, to analtitudeof approximately100to 125miles. After
reachingthat altitude, theyare parachutedto earth. Meteorologicalinformation
is telemeteredto theearthwhilethesedevicesarebeinglofted into theatmosphere
aswell as duringtheir return to earth.

Sincethis initial contract, variousotherpressureandtemperaturemeas-
urementdeviceshavebeendeveloped,bothwith companyfundsandundergovern-
mentsponsorship.Thecompanyfeels thatthere is strongby-productpotential
for thesedevicesfor useby theWeatherBureauto determinemoreaccurate
world-wideweatherforecasting. Attemptsto marketthemfor this purposeare
currentlyin progress. Thecompany'sfirst pressuremeasurementdevice,known
asa GlowDischargeDensitometer,wasdevelopedwith companyfunds.

This devicedoesnotmeetthe requirementsof a "non-space"application
setforth in this report, andhenceshouldnotbeconsidereda missile/space
contributionwithin the report context. It is includedhere, however,to illustrate
a potentialcross-overfrom onespaceapplicationto another.

AmesResearchCenter
NationalAeronauticsandSpaceAdministration
MoffettField, California
slack TheAmesslackdiaphragmdifferential pressuretrans-
diaphragm ducer, which has been built and used in relatively large

differential quantities in ranges from one psi to 30 psi, was devel-

pressure oped to replace the liquid manometer pressure measure-

transducer ment systems widely used in wind tunnel research.

Liquid manometers are not compatible with high-speed

(potential) data recording and electronic data reduction; the

accuracy, although potentially good, can be obtained only by considerable attention

and maintenance. The replacement of the liquid manometer with this electrical

transducer eliminates one of the last obstacles to automatic wind tunnel operation

and data reduction.

Basically, the transducer consists of a thin neoprene diaphragm which is

supported, except for a narrow annulus, by a rigid plate or piston. The piston,

in turn, is attached to a strain gage force beam system. The neoprene diaphragm

which provides the seal introduces negligible hysteresis, permitting the trans-

ducer to operate within an accuracy of 0. 1 percent.

Because the transducer is electrically and mechanically simple, rugged,

and reliable, it has many potential applications in the measurement of pressure

and parameters related to pressure. Possible applications include: remote

reading barometers, altimeters, air speed indicators, Mach meters, pneumatic

gaging and positioning, and industrial controls.
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vib ratin_

diaphragm

pressure

transducer

(potential)

A vibrating diaphragm pressure transducer was devel-

oped to meet the pressure measuring needs of new wind

tunnels at NASA's Ames Research Center. The principal

attributes of the transducer are its wide measuring range,

high sensitivity, fast time response, good temperature

characteristics, small size and gage volume, ruggedness,

ability to withstand over-pressure without damage, and its compatibility with most

electronic readout and recording equipment. The gage is capable of measuring

pressure from approximately 10 -5 to 103 ram. Hg. with an accuracy of about one

percent and a time response of less than one second over a large portion of this

range.

This transducer may be physically described as a small closed cylinder

which is partitioned into two enclosed cylindrical chambers by a thin metallic

diaphragm. These chambers are of equal volume and are connected to a common

gas inlet tube so that the two sides of the diaphragm are subjected to equal pres-

sure at all times. The diaphragm is driven electrostaticallywith a capacitance

bridge. The amount of power necessary to drive the diaphragm at constant ampli-

tude is measured, and this measurement is directly related to the pressure.

In addition to its use as a pressure gage, this transducer shows promise as

a sensing element for several additional applications. It could be used as an

altimeter, to altitudes as high as 400,000 feet. It has a very large input im-

pedance and could be used as the sensing element in an electrometer circuit. It

could also be used to measure magnetic damping by making suitable changes in

techniques and materials of construction. 9

manometer With the adaptation of automatic data reduction for re-

with search performed in wind tunnels at Ames came the need

electronic for a very accurate pressure reference with a digital

followe r output.

A mercury-in-glass manometer was equipped with a metal float with a

movable differential transformer surrounding the mercury-tube-float combination.

By means of a motor driven screw and electronic servo amplifier, the differential

transformer was made to assume a vertical position determined by the position of

the metal float. By attachment of a counter or analog-to-digital converter to the

motor driven mechanism, either a visual or electrical digital output, or both,

can be obtained. Accuracies of 0.002" to 0. 005" of mercury are obtained. The

device is finding commercial application in liquid level and pressure measure-

ment.

Lockheed Electronic s Company

Plainfield, New Jersey

piezo -

resistivity

in silicon

carbide

(potential)

high temperatures.

In the section of this report on Resistance Strain Gages,

it was reported that Lockheed Electronics discovered a

palladium-silver alloy. The discovery was the result

of work which the firm had been doing under a Depart-

ment of Defense research contract to find materials

suitable for accurate operation as strain gages at very

That same materials search led to the discovery of piezoresistivity in

silicon carbide. Briefly, this means that the material changes its electrical
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resistancewhena force is appliedto it. Althoughtherehasbeennonon-space
applicationof this asyet, Lockheedbelievesthatthematerial haspotentialin
certainapplications,suchas theheart of a microphoneor underwatertransducer.

4. Temperature Measuring Equipment

Space and missile requirements have stimulated development throughout the

temperature measurement field. These requirements have particularly emphasized

reliability, convenience of use, multipoint system, response time, and methods and

equipment for achieving accurate results under adverse conditions. I0 In a complex

vehicle, such as a missile or satellite, there are many components, units, and systems

where temperature or temperature environment must be monitored and controlled within

safe operational limits. These temperatures vary from the low range of cryogenics and the

upper atmosphere to the high range of re-entry and the combustion chamber. The safety

of any living occupants and the proper functioning of equipment depend unequivocally upon

measurement and control of temperature.

The temperature measuring devices which have found missile/space application

have been primarily the two common types which provide electrical output, i. e. , thermo-

couples and resistance temperature sensors (including thermistors). These devices have

been in common use for many years, their origin dating back to the nineteenth century.

Thermocouples are applied largely in moderately high to extremely high temperatures,

and resistance sensors in moderately high to extremely low temperatures. There is, of

course, a large overlapping range. In addition, specialized optical and radiation tech-

niques are used for temperatures above the thermocouple range.

In the high temperature field, it cannot be said that there has been a great deal of

thermocouple development specifically for space needs. There has been a general and

increasing interest in this temperature range, leading to thermocouples for temperatures

up to approximately 5000 °F. 11 It is probable that the incentive for most of this develop-

ment has come from the metals industry, with some indirect impetus from missile/space

programs. Possibly the most specific missile/space connection in this area is the

development of special mountings and configurations for specific missile and rocket re-
12

fated purposes.

In the moderately high to extremely low temperature range, the impetus from

missile/space research is more noticeable. The apparent reason for this is that the low

temperature field had fewer factors contributing to its development prior to space re-

search than did the high temperature field.

Semiconductor and thin film resistance temperature sensors have been developed

and may be expected to have much application to missile/space research because of their

rugged and simple construction, which makes them relatively immune to severe shock

and vibration environments. 13 The primary contribution of the missile/space program

to this field has been the impetus to development provided by a number of applications.

The platinum-wire resistance thermometer, which has been a standard laboratory

device for many years, has had much development due to space requirements. It has

been miniaturized and made rugged and reliable far beyond its typical characteristics as

a laboratory instrument. A great part of the resistance thermometer development

which is attributable to missile/space impetus has been in the design of units for appli-

cation in the very low temperature region. These have beeln stimulated by the use of
14

liquid oxygen and liquid hydrogen in missile and rocket propulsion systems.
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Examples of missile/space transfer to commercial applications of temperature

measuring equipment follow.

The Lewis Engineering Company

Naugatuck, Connecticut

resistance To meet the harsh environmental conditions of missile

temperature usage, the company redesigned an existing temperature

detector detector. This specialized and improved design was then

manufactured for the Atlas missile. Modifications of

the improved device have since been produced for use in industrial applications.

The non-space applications of this modified device include: use in modern

jet aircraft for sensing the temperatures of engine air inlet; an industrial appli-

cation for sensing temperatures to operate an electronic temperature controller.

The development was funded by the company.

Microdot Inc.

South Pasadena, California

temperature A temperature transducer with platinum sensors was

transducer developed by the company in 1959. Its original use was

in rocket motor testing at the Sacramento plant of

Aerojet - General Corporation. Special characteristics include small size, high

base resistance, and extreme ruggedness. These are achieved through a sensing

element of platinum film deposited on a miniature ceramic disk. The company

reports that this product has fast response, excellent operational stability, and

extreme linearity over a wide range of temperatures.

An interesting use of this transducer outside the missile/space industry is

at the Sharp Memorial Hospital in California. The device is implanted into a

tumor of either a human or an animal to assist in the determination of the effect

of strong temperature changes on the tumor. Artificial temperatures are induced,

by drugs or other means, and the sensor is used to accurately measure the

temperature inside the tumor.

Development of the transducer was funded by Microdot.

The primary advantages of this device over previously available platinum

resistance thermometers is its small size and fast response. Commercial

potential appears to lie in laboratory and medical uses.

The Boeing Company

Associated Products Division

Seattle, Washington

the rmal

measurement

devices

(potential)

Thermal measurement devices were developed as the

result of research on missile temperature measurement

by The Boeing Company.
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Onedevice,a thermal parameterindicator, will measurefrom a distance
temperaturesthatexceedthemeltingpointsof knownthermocouples.In addition,
thedevicewill measuretheheatingrate from anysource{radiationor convective}
anddeterminetheheattransfer coefficient. Theseparameterscanbemeasured
for time periodsas shortas I0 milliseconds. Thenon-spaceapplicationsof this
device,althoughlimited, are expectedwherereasonablyhightemperatures{over
2000°F) exist, as in furnace measurement or plasma arc measurement.

Two other devices were developed, a surface temperature transducer and a

self-compensating thermocouple. Errors normally experienced with these devices

are eliminated and response time is appreciably decreased. The time response

for surface applications is reduced to one to ten milliseconds, less than one second

on probes where the response time is usually five to Z5 seconds. Non-space

applications of these devices are expected where high speed response is necessary.

Nuclear power plants, where small temperature changes need to be known quickly,

are an example of potential use.

These instruments have been licensed to the RDF Corporation, in Hudson,

New Hampshire, where further development is currently in progress prior to their

introduction on the market.

Trans-Sonic s, Inc.

Lexington, Massachusetts

equiphase Missile/space activity has increased the applications of

triple-point- standards to such an extent that it is now feasible to

of-water manufacture them for the commercial market. These

cell standards are not used directly for the space effort, but

the need for precise measurements among many prime

and subcontractors on space programs has expanded the use for basic standards

considerably. This has made it economically feasible for a commercial product

to be offered rather than depending on individual laboratories to manufacture their

own standards.

An example of this is the equiphase triple-point-of-water cell developed at

Trans-Sonics. This cell is a device for generating the stable temperature estab-

lished by the triple point of water--the temperature at which the solid, liquid,

and vapor phases of water exist in equilibrium. This cell is an improvement over

the more commonly used ice and water bath. It is hermetically sealed against

the possibility of contamination and barometric pressure effects, and designed to

minimize temperature gradient errors.

In general, the device can be used wherever the most accurate and stable

defining temperature standard is required. Its characteristics of simplicity and

noncontaminability suggest its use also in less demanding applications. Here,

accuracy can be assured with personnel who have not been extensively trained in

the correct use of a standard.

The primary commercial use of the triple-point-of-water cell is in standards

laboratories. Thus, by the very nature of the market, the commercial sales

volume has been small.

The development of this product was funded by Trans-Sonics.
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Genisco,Inc.
Compton,California
thermo
reference

junction

A temperature measuring device, which was developed

by Oenisco specifically for missile/space applications,

provides a miniaturized multichannel the rmocouple

reference junction, eliminating the fragile and very

limited thermos bottle ice bath. It is used on missiles for measuring tempera-

tures such as the various electronic packages, the missile skin, on and in close

proximity to the throat of the missile engine. The device provides a secondary

junction reference which is constant, making it possible to measure with great

accuracy the temperature of the sensing thermocouple. Its ruggedized package

and small physical size make it desirable for missile temperature measurement

applications. The thermos bottle ice bath is an extremely good reference for

ground applications; however, it has several limiting factors. For example, it

must be constantly attended in order to achieve the accuracies which are always

available from the hot reference junction.

The company reports that the thermo reference junction also has many

other applications in the missile/space industry, as well as in commercial in-

dustries. To date, about i00 of these units have been sold commercially. They

have been on the market for approximately one year. Specific non-space appli-

cations include the petrochemical industry (cracking stations), the food process-

ing industry, remote weather stations (where it is desirable to keep a record of

ambient temperature), heat treating plants (where furnace temperatures must be

held to close tolerances), and the bio-medical field (where temperature acquisi-

tion of various types of rodents are being studied). At the present time, com-

mercial sales account for about 10 percent of the total sales volume. The develop-

ment of this device was funded by the company.

5. Instrumentation Amplifier s

Instrumentation is concerned with the problem of measuring quantities such as

temperature, pressure, humidity, velocity, mechanical strain, voltage, current, re-

sistance, electromagnetic radiation, and nuclear radiation. Measurements usually

result in a considerable amount of data--so much that one or even many individuals read-

ing thermometers, dials, or meters cannot possibly assimilate, process, and make

interpretations in a reasonable length of time. Often, as in space research, it is unsafe

or impractical to have operators in the vicinity of the measurements, thereby requiring

remote measurements and telemetry. In addition, many physical phenomena happen too

fast to be observed by the relatively slow human. For these reasons data must be col-

lected and processed by machine; this is most conveniently done electronically.

Transducers are the devices which change the measured quantity to proportional

electrical signals. But transducer output voltages are low (0. 1 to I0 millivolts) and

quite susceptible to degradation by electrical circuit noise. Therefore, transducer out-

puts must be amplified, usually to a level of Dne to ten volts, before data processing can

occur. Also, a transducer output may have a high impedance level so that direct con-

nection to a data handling system would load and reduce its output. It is then necessary

to provide isolation using an amplifier which has a high input impedance and a low output

impedance. Since most transducers do not respond to changes which occur faster than

I0, 000 cycles per second, the amplifier bandwidth requirement is usually in the DC to

I0,000 cycle per second range. This kind of amplifier is called a DC, direct current,
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direct voltagesignalconditioning,isolation, transducer, or instrumentation amplifier

or preamplifier. 15

The problems concerning instrumentation amplifiers were apparent immediately

after the invention of the vacuum tube, in the early 1900's. Commercial need for the

amplifiers has grown steadily since. This need has been, of course, linked to the need

to measure various quantities and record data electrically. Instrumentation amplifiers

are used in almost all disciplines, including medicine, biology, psychology, chemistry,

physics, and all branches of engineering. With such widespread usage, development of

instrumentation amplifiers occurred prior to World War II and would occur in the future

without support from the missile/space programs.

However, recently the missile/space support has been responsible for significant

advances in the state-of-the-art. Serious problems in the space program are the devel-

opment of reliable telemetering systems to relay data from space vehicles to command

stations and the development of remote automatic controls activated by transducers. In-

herent in these problems is the development of instrumentation amplifiers, which has had

considerable industry and government support. Much of the space support has been

directed at reducing size, weight and power requirements and making previously devel-

oped laboratory type instrumentation amplifiers more ruggedby application of recent

advances in solid state electronic technology.

The missile/space effort has motivated the development of some special purpose

instrumentation amplifiers. One particular problem is to transmit information from

many transducers (hundreds or thousands) on a single (or few) radio transmission chan-

nel(s) essentially simultaneously, for it is entirely impractical to use a separate radio

transmission channel for each transducer. This problem is solved by using an electronic

or mechanical commutator which periodically scans transducer outputs rapidly so that

transmission of all channels can be considered simultaneous. Scanning can be accom-

plished in two ways: high level and low level. High level scanning requires one instru-

mentation amplifier for each of the many transducers to increase signal so that scanning

circuit noise problems are avoided. The need for hundreds and thousands of instrumen-

tation amplifiers has caused engineers to consider scanning low level transducer outputs

directly in spite of additional noise problems, thereby requiring only one or two instru-

mentation amplifiers. These special purpose instrumentation amplifiers must have

wider bandwidths (DC to approximately several hundred kilocycles per second) to be able

to respond to the rapid functioning of the commutator. 15 (See the Epsco description below. )

It seems that the most significant contribution of the missile/space programs in

this area is equipment availability. Although this statement and the company examples

which follow may at first seem vague, the contribution is very real. The instrumentation

amplifier--like the voltmeter or oscilliscope--is an ubiquitous piece of industrial labora-

tory and testing equipment. As mentioned above, it finds use in almost all scientific

disciplines and all branches of engineering. Therefore, although some of this equipment

may never find commercial use, it is reasonable to expect that much will, simply be-

cause this equipment is such a necessary adjunct to the electronic measurement of

physical quantities. Electronic measurement is already widespread and will become

more so as better and more variegated equipment is made available.

Examples of missile/space contributions to instrumentation amplifier develop-

ment follow.
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Acromag, Inc.
Detroit, Michigan
isolation

amplifie r

{potentiall

rejection.

Acromag, a firm specializing in the development of

precision magnetic amplifiers, has developed an isola-

tion amplifier which operates at a 10 millivolt signal

level with three hundred million to one DC common mode

This amplifier was developed under a fixed fee contract with the Lewis

Research Center, NASA, to amplify the output of a thermocouple attached to an

ion propulsion engine high voltage electrode. Complete redesign and repackaging

of a second harmonic magnetic amplifier for operation in high voltage environ-

ments (30 kilovolts DC common mode) went into the development of the amplifier.

The company feels that since severe common mode problems are common to

users of instrumentation amplifiers, the product has potential in both missile/

space and commercial industries.

transistor- A new hybrid push-pull transistor-magnetic amplifier,

magnetic which operates like a magnetic amplifier but more

amplifier effectively, has been developed by Acromag. Developed

to replace larger and heavier amplifiers used on the

(potential) Atlas, Titan, and Bomarc missiles for remote control,

this amplifier is about one-seventh the size and weight of conventional magnetic

amplifiers. Acromag has no present commercial market for this item but antic-

ipates that it will be used in future aircraft autopilots. Non-airborne uses are

anticipated to be small.

Development of this product was funded by Acromag.

Burr -Brown Re search Corp.

Tuscon, Arizona

DC Burr-Brown makes a line of solid state DC operational

amplifiers amplifiers which are generally sold to the electronics

industry, research laboratories, and universities for

signal conditioning, precise gain, and analog instrumentation. The company feels

that the space and missile programs have forced overall improvement in this line

of equipment.

Epsco Inc.

Cambridge, Massachusetts

low-level, Epsco has dev.eloped two special purpose instrumentation

wide-band amplifiers for missile telemetry systems. Both are

improvements of previously existing types.amplifie r

(potential)
The first is a chopper stabilized, low-level, wide-band,

DC amplifier weighing four ounces and occupying thirteen cubic inches. The

amplifier has a common mode rejection of one million to one and a highly stabi-

lized gain. Epsco believes this amplifier to be the smallest available precision

wide-band amplifier on the market.

potentiometric The second device is a potentiometric or isolation

amplifier amplifier which is chopper stabilized having a gain

of unity and wide-band from DC to several hundred
(potential)

kilocycles. The input impedance is Z0 megohms.
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Neitheramplifier hasbeenincorporatedinto commercialdataprocessingequip-
mentto date,but Epscoanticipatesthattheywill be in thefuturebecauseof
simplicity of use, maintenance,andeventualoverall cost reduction.

commutator Another Epsco product falling into the general instru-

mentation amplifier field is a solid state, high-speed,

(potential) precision, time-division commutator which connects a

number of low level inputs to a common output differential bus. This was devel-

oped for missile telemetry under the Titan II program and is a modification of

another component. Epsco's improved commutator is now available for use in

commercial data processing, where it hopefully will make a system simpler,

cheaper, and easier to use. It is now in the process of being introduced to the

comae rcial market.

Santa Barbara Research Center

The Santa Barbara Research Center designs, develops,

preamplifier s and produce s infrared detector s and allied components.

In connection with several missile/space programs, it

(potential) has developed a transistorized preamplifier, which

provides large voltage gains without introducing excessive noise when used with

a wide variety of photodetectors. This preamplifier, essentially an improvement

of earlier designs due to the availability of better components, was developed

largely under NASA systems funding, and partially with company general research

funds. Preamplifiers similar to this will be used on the Surveyor Star Tracker,

Nimbus radiometer, and Nimbus horizon scanner. This amplifier is useful for

any military application which requires high performance of bolometers (heat

sensing devices) or photocells.

Goleta, California

transistorized

Although the company reports no non-space applications of this preamplifier,

it could be useful with or without the photodetector for research instrumentation

and industrial control.

6. Miscellaneous

Ames Research Center

National Aeronautic s and Space Administration

Moffett Field, California

blackbody In the selection of materials for use in space, it became

reference necessary to measure the change in emissivity of

(potential) various surfaces when exposed to actual space flight
conditions over a long period of time. These measure-

ments were to be made by comparing the equilibrium temperatures of isolated

test surfaces with the temperature of a blackbody reference surface having

stable characteristics under space environment.

Since no material was available which possessed these characteristics, a

very satisfactory blackbody reference surface was devised by stacking razor

blades together to form valleys. This causes the incident radiation to be reflected

from wall to wall of each valley a number of times before being reflected outward.
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Thereflectedradiationescapingfrom the systemis small sincea largepercentage
of eachreflectionwithin the systemwill beabsorbedbythe surfaces. Becauseof
the largenumberof the reflections, anychangein the emissivityof the individual
surfaceshasonlya very small effectontheoverall emissivity of thereference
surface. Hencethis surfacehasa nearlyconstantemissivity eventhoughthe
conditionof the individualsurfacesmight changein the spaceenvironment. The
rowsof razor bladesare arrangedin ahexagonalpatternto minimizeanydirec-
tional effectwhichmight result from the stackingof theblades.

Theedgesfrom therazor blades, instrips 1/16inchwide, are givena
blackenedfinish andstackedsideby sideacrossa copperdisc to form anassembly
3/4 inch in diameter. Theblackbodyequilibriumtemperatureis determinedby
thermistorsmountedin themiddleof thecopperbase.

Blackbodiesareusedby manylaboratoriesas referencedevices,especially
in thefield of spectroscopy.Typesnowinuseare bulkyand consequentlydiffi-
cult to maintainat any referencetemperature. Therazor bladedevicedeveloped
byAmesis smallandcompact. It makespossiblethe constructionof smallhand-
held instruments.

As theaboveinformationobtainedfrom Amespointsout, therearenumer-
ousrequirementsfor blackbodiesotherthanspaceapplications. In mostof these
applications,theblackbodyis usedas a referencesourcein absolutemeasure-
mentsandthereforetherequirementis for a source(preferablywith anemis-
sivity approachingunity)whoseemissivityremainsconstantoverawiderangeof
temperaturesandfor longperiodsof time.

It hasbeenknownfor manyyearsthatit is possibleto approximatea black-
bodyvery closelyby makinga smallholein the sideof a hollowenclosure.
Theoretically, sucha holewouldhaveto beinfinitely small in order for it to
behaveasablackbody. In practice, it is possibleto makeblackbodieswith
emissivitiesin excessof . 99by properchoiceof the sizeholeanddimensionsof
the enclosure. Theoreticalcalculationshavebeenmadeof emissivity asa func-
tion of sizeof apertureanddimensionof enclosurein a numberof caseswhere
the enclosureshadstandardgeometricalshapes(sphere,cylinder, etc.). The
resultsobtainedare summarizedin anarticle by Rutgers.16In all of thesecases,
it is necessarythattheholebea small fractionof thedimensionof theenclosure.
Thusa blackbodyconstructedin this fashionis bulky comparedto theareaavail-
ablefor useasa source.

Numerousmethodshavebeendevelopedto increasetheemissivity of flat
surfaces. It is possibleto obtainsurfaceswith emissivities in the infrared in
excessof . 9by coatingthesurfacewith variousmaterials. Thedisadvantage
hereis that theemissivityof the surfacemaychangewith time. Also, it is not
possibleby this methodto obtainemissivitiesmuchgreaterthan.93.

The approach used by the Ames Research Center appears to be a compro-

mise between the two methods, as it avoids the large size necessary on one hand

and the problem of the change of surface characteristics on the other. According

to Ames, its blackbody has an emissivity of about . 93; it varies approximately
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two percent over a temperature range of i00°_ ". Thcs_ characteristics arc not

adequate for laboratory blackbodies; however, Ames points out that it may be

possible to obtain higher, less temperature dependent emissivities by proper

spacing of the razor blade edges.

There are other methods of obtaining high emissivity surfaces similar to

those suggested here, but which are more amenable to theoretical treatment.

One of these is a method employed by the University of Wisconsin's Meteorology

Department for use in connection with its satellite radiometer program. The

program required a large hemispherical blackbody. It was constructed by placing

many . 38 caliber revolver cartridges as close together as possible in the form of

a large hemisphere.

Using this approach, one is dealing with a surface composed of a large

number of small blackbodies whose emissivities can be calculated theoretically.

One difficulty with both approaches is that a certain portion of the surfaces will be

composed of the edge of the razor blades or the walls of the revolver cartridge

and hence the emissivity cannot be made to approach unity as closely as might be

desired. However, because both approaches yield relatively high emissivities

that theoretically should not vary with temperature, they may be refined and used

to construct small, inexpensive reference surfaces.

Electro-Optical Instruments, Inc.

Monrovia, California

Kerr Electro-Optical Instruments manufactures the Kerr Cell

Cell camera which will take pictures with an exposure time

camera as brief as 5 billionths of a second (5 nanoseconds). The

shutter consists of two electrodes immersed in a fluid,

nitrobenzene. When oriented between two polarizers, which are crossed for

minimum light transmission, the cell constitutes an electro-optical shutter.

When a voltage pulse is applied to the electrodes, the plane of light polarization

is rotated in the fluid, and light passes through both polarizers. The factor

limiting the speed of the camera is the length of the electronic pulse.

The relationship of the camera's development to the missile/space effort is

not clear-cut (the Kerr effect itself has been known for approximately a century).

However, it can be said that the missile/space effort has accelerated the develop-

ment of a sophisticated Kerr Cell camera, mainly because it has provided a sig-

nificant demand. The camera is used by researchers in the missile/space in-

dustry to study plasma gas discharge, shock waves, and hypervelocity impact.

There are also research applications outside the missile/space industry; for

example, the study of explosive detonation.

The recent extension of the older single frame instrument to a six frame de-

vice with recording capability in the i00, 000, 000-frame-per-second range was

primarily stimulated by missile/space industry requirements. Most applications

of this newer system are coincident with increased research effort in the missile/

space field.
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AvcoCorporation
ResearchandAdvancedDevelopmentDivision
Industrial ProductsSubdivision
Lowell, Massachusetts

rotating

drum &

rotating

mirror

came ra s

These cameras are research devices designed to provide

scientists with time resolved photographic data of hyper-

sonic phenomena. Their development began in conjunction with

work Avco was performing on the Air Force ballistic

missile program. Actually, these cameras are not

entirely new developments. Similar units, usually

custom built by the user, have been in use for many years. However, the devel-

opment of a commercial line by Avco was made possible largely by missile/space

program requirements. Therefore, the space program has contributed to these

products by making them more commercially available.

The rotating drum camera may be employed by itself to make position-

versus-time records of hypervelocity phenomena. It may be used with a densi-

tometer to produce accurate densitometric data of hypervelocity phenomena. It

may also be used, in conjunction with a schlieren system with special light source,

to produce microsecond-order photographic frames for graphical analysis of

hypersonic phenomena. A precision manufactured drum with film attached con-

stitutes its only moving part and provides the high degree of accuracy and relia-

bility required.

The rotating mirror camera is an easy to use, rugged research instrument.

Continuous optical records of hypervelocity phenomena are obtained by means of

a highly accurate hexagonal mirror, rotating at 3,000 revolutions per second.

This camera differs from the drum camera in that light is reflected from the

mirror to the film on the inside of the case, and it is capable of higher speeds.

Applications of these cameras, other than in ballistic missile studies, in-

clude: radiation studies, explosive compound development, combustion studies,

ignition studies, propulsion studies, chemical recombination, plasma tunnel

studies, magnetohydrodynamics, spark-gap discharge studies, exploding wire

studies, and studies of high speed electromechanical units and relays.

The Boeing Company

Associated Products Division

Seattle, Washington

Two instrumentation devices, qualifying as by-products, have been devel-

oped by the Boeing Company as a result of its participation in missile, space and

aircraft programs.

Beta One is a Beta Backscatter thickness gage. This instru-

Backscatter ment obtains accurate measurement of thin sheets or

thickness coatings of metal by exposing the coating to a radiation

gage source and counting the scattered radiation. The gage

is highly accurate over its range, varying from thick-

nesses of . 0000005 inch to .0i0 inch. The majority of applications require de-

termination times of only three minutes or less.
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The film to be measured is placed ovcr a onc inch diamctcr holc. Thc

radioactive material is supported 1/4 inch below the film and is exchangeable,

thus allowing the use of any desired beta energy. Below this is a thin window

Geiger counter with an amplified output signal. For convenience and safety the

equipment is enclosed in a 1Z" X 1Z" × 8" plexiglas box.

The gage provides a rapid non-destructive means of accurately determining

very thin film thicknesses. Other methods are limited in their usefulness and

accuracy, since they involve cutting or otherwise destroying the film.

This instrument has been licensed to the Twin City Testing Corporation and

a number of units have been sold. The electronic industry is the biggest user of

this instrument, both for missile/space and commercial applications. Typical

commercial applications include the measurement of printed circuit boards and

plating thickness on solid state retainer cups.

optical The second device is an optical measurement and depth

measurement gage. Fully developed, this instrument simplifies and

and depth improves detail inspection, achieving accuracy to toler-

gage anees of . 00015 inch without touching the workpiece.

The gage obtains measurements that previously were

extremely difficult or impossible, such as accurate measurement of parts at

elevated temperatures and measurement of latex, other soft materials, wet paint

thicknesses, photo etching depth, curved surfaces, and certain kinds of parts in

motion. The instrument measures mirror-shiny and dull-black surfaces with

equal ease.

Measurements are based on the observation of the coincidence of two

straight lines, which can be more accurately judged by the human eye than other

forms of coincidence such as circles or filament images. The accuracy of the

instrument is limited only by the accuracy of the indicator. A number of indi-

cators can be used, such as a dial indicator or a vernier height gage. The

effective focal length ranges from l-i/Z inches to IZ feet.

Minneapolis-Honeywell Regulator Company

Heiland Division

Denver, Colorado

1108 The 1108 Visicorder is an improvement or extension of

Visicorder the direct writing oscillograph. Historically, recording

oscillographs are associated with petroleum exploration

work. As the need for static or dynamic testing of aircraft components increased,

the oscillograph was improved and changes were made in its utility and config-

uration.

This equipment is utilized in the missile/space program in many ways: to

test rocket engines; to provide information during launchings; to graphically

present post launching information from telemetry channels; and as a laboratory

tool to acquire information about components under environmental tests.

As a result of its use in the missile/space program, the device has been

improved in several ways. Reliability has been greatly enhanced. Several

automatic features have been added to give ease and flexibility of operation, and

the capability of immediate review of data has been added.
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TheimprovedVisicorder is usedthroughoutindustryas testequipmentfor
acquiringhighfrequency(5 - 5,000cps)analogdata. Commercialapplications
includethefollowingindustries: automotive,light andheavyequipment,electric
motors, electroniccomponents,andhouseholdappliances.

spectrum Minneapolis-Honeywell's line of spectrum analyzers was

analyzers developed originally to fulfill the need for vibration anal-

ysis in late model aircraft. However, the missile/space

industry has provided the bulk of the requirements for this type of device. In

addition, missile/space uses have required a more sophisticated product than was

needed for aircraft vibration studies.

Vibration is one of the more difficult problems in the successful launching

of a missile or space vehicle. Rocket engines produce noise and vibration across

the entire spectrum. Every component, as well as the completed assembly, must

resist deleterious effects from given frequencies. As a result of these require-

ments, certain improvements have been incorporated into the equipment.

The improved equipment has been used commercially in many industries

which have vibration test facilities, such as automotive and household appliances.

General Precision, Inc.

Librascope Division

Glendale, California

multi-layer

dielectric

interference

flite r

The Research Center, Information Systems Group of

General Precision, Inc. has developed a technique for

producing multi-layer dielectric interference filters.

The filters were to be used in missile tracking as they

would greatly reduce background, allowing only the

rocket flame to be seen through the filter.

These filters have potential application in the field of chemical process

control where a property called "selective absorption" can be used. White light

passing through a transparent medium is absorbed in an amount which varies

progressively,in general, with the radiation frequency. However, certain fre-

quency ranges are absorbed in an amount out of all proportion to adjacent fre-

quency; in other words, by selective absorption.

The particular pattern of selective absorption varies with the kind and con-

centration of the material being studied. Therefore, a filter designed to pass a

certain frequency can be used to monitor the amount of light selectively absorbed

in that frequency range, and hence the concentration of the chemical being mon-

itored.

An interesting application of General Precision's filters has been in the

field of egg candling. Federal laws prevent the sale of eggs having blood spots in

them which exceed a certain minimum size. Blood has a selective absorption

band at 5, 500 angstroms. A machine, designed by the Research Center, is being

sold by Food Systems, Inc. of San Francisco. This device passes light through

an egg and by comparing the light absorbed at 5,000 angstroms, 5, 500 angstroms,

and 6,000 angstroms, using interference filters designed to pass light at each of

these frequencies, the machine can spot and sort eggs which contain blood spots

in excess of legal size.
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Thedevelopmentof thetechniqueto producethesefilters wasfundedby the
ResearchCenter.

Thebasictheoryunderlyingthedesignof multi-layer interferencefilters
(filters thatwill transmit avery narrowbandof radiationcenteredaroundany
givenwavelength)hasbeenknownfor manyyears,l? Notuntil theearly 1950's,
however,did thetechniquesof depositinguniform layers of theproper thickness
of dielectricmaterial developto the pointthatfilter constructionwaspractical.
Suchfilters havemanyapplicationsin weaponssystemsbeingdevelopedby the
Departmentof Defenseaswell as severalapplicationsin the spaceprogram.

Manyapplicationsexistwhereit is necessaryto monitor theradiation
emittedby a sourcein a verynarrow, selectedwavelengthinterval. Spectrom-
etersof varioustypescanusuallybeusedfor this task. However,whenthein-
tensityof the sourceis low or the environmentis harsh, theuseof an interfer-
encefilter maybedesirable. Thustheinterferencefilter hasmanyspaceand
defense,aswell as commercial,applications.
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B. ELECTRONICCOMPONENTSANDMISCELLANEOUSSYSTEMS

i. Semiconductors

Semiconductors are a class of materials whose electrical conductivity is inter-

mediate between the conductivities of metals and insulators. A wide variety of solids,

liquids, elements, and compounds exhibit this behavior. The most commonly used semi-

conductors today are germanium and silicon, though compounds such as gallium arsenide,

lead sulfide, or zinc oxide find many specific uses.

The crystalline structure of semiconductors is usually such that each atom shares

one of its valence electrons with each of four neighboring atoms (covalent bonding). Since

all the outer electrons are required to form such a bond, none is free to move about. Thus

a semiconductor in its purest crystalline form is a poor conductor.

Addition of heat or radiant energy will cause some electrons to break loose and

travel through the crystal. An atom, losing its electron, will assume a positive charge.

This atom can transfer its positive charge to a neighboring atom by capturing one of its

neighbor's electrons. Thus a semiconductor can conduct either by the movement of

electrons or the transfer of positive charges, called holes.

"Doping" a semiconductor with small amounts of an impurity also causes an in-

crease in conductivity. Semiconductors are doped with either five valence electron

elements, called donors, or three valence electron elements, called acceptors. A donor

atom enters the crystal structure of the semiconductor, and since only four of its five

outer shell electrons are used to form the covalent bonds, the fifth electron is free to

move about. Because negative charges are donated, a semiconductor containing donor

atoms is called an N-type semiconductor. Acceptor atoms can also become integrated

into the crystal structure. Having only three electrons available for bonding, an acceptor

robs its neighbor of the fourth, producing a concentration of positive charges or holes.

A semiconductor containing acceptor atoms is called a P-type semiconductor.

A P-region and an N-region formed in the same crystal produces a rectifier or

diode--a device which is far more conductive in one direction than the other. The

boundary between the two regions is called the P-N junction.

While a P-N junction or diode finds many applications in electronic circuitry, it

is not able to amplify a signal (with the exception of the rarely used tunnel or amplifying

diode). The transistor or three-terminal semiconductor will amplify a signal and there-

fore finds innumerable applications in electronic circuits. A transistor may be con-

sidered as two P-N junctions back to back, forming either an N-P-N or P-N-P junction.

By applying proper voltages to the three leads--emitter, base, and collector--the tran-

sistor may be used as a replacement for the vacuum tube. It is then capable of perform-
i

ing almost any function of a vacuum tube.

The first crude semiconductors that found application in electronics were the

"crystal and cat-whisker" detectors used in radio receivers in the early twentieth century.

The semiconductor material used in these devices consisted of crystals found in the nat-

ural state. As these -,-ere unrefined semiconductors, their characteristics varied and

they were unreliable. These crystal detectors were replaced by the vacuum tube and re-

mained an experimentor's novelty until the advent of radar in the late 1930's. The elec-

tron tube that had functioned so well as a detector at broadcast frequencies became use-

less at very high radar frequencies, and interest in semiconductor detectors was revived.
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Whilethediodedetectorsusedin theearly radar setswerea vast improvement
overtheoldcrystal andcat-whiskerdetectorsof radio, theywere inferior to present
devicesandmorecostly. Duringthelate 1930'sandinto the 1940's,methodsof refining
germaniumor siliconwere costlyanderratic. Thedifficulty of producingunitswith
identicalcharacteristicsnecessitatedmuchtestingandselecting, resultingin highpriced
andoccasionallyunreliableunits.

As techniquesfor improvedproductionof semiconductormaterials developed,
interest in thesedevicesincreased. Thefirst breakthroughin semiconductordevice
productionwasthe inventionof thepointcontacttransistor in 1947. BardeenandBrattain
of Bell TelephoneLaboratoriesproducedthefirst practicalunit in December,1947.

From thebeginning,thetransistor becamea logical candidatefor replacementof
thevacuumtube. It wassmaller, more rugged,operatedfrom muchlower supplyvolt-
ages,andrequirednoheateror filamentvoltages. Thelatter advantageeliminatedhigh
equipmentoperatingtemperatures,eliminatedonepowersource,andincreasedoperat-
ingefficiency.

Whilethefirst pointcontacttransistorwaslimited to amplificationat lower fre-
quencies,subsequentdevelopmentsby Bell Labsandothercompaniesovercamethis
problem. Limitationsof theseearly transistorswereduein part to poor qualitysemi-
conductormaterial. At thattime it wasdifficult to control thedegreeof impurity in the
siliconor germaniumusedin the productionof thedevice. Thedegreeof impurity is an
importantfactor in determiningthe subsequentdevice'soperatingparameters.

Germaniumwasthefirst semiconductorto be refinedwithaccuratelycontrolled
amountsof impurity. Thusmanyof the early transistorsutilized germanium. Zone
refining, oneof thebestmethodsfor purificationof germanium,wasdevelopedaround
1950.

Siliconsemiconductorsareoftenmoredesirablethangermanium. Theprincipal
advantageof silicon is that it canoperateat higher temperaturesandthusoffer higher
reliability. This is especiallytrue in thefield of missile/spaceelectronics,wherehigh
ambienttemperaturesmayprevail. Unfortunately,attemptsto refine siliconby the same
methodsusedongermaniumfailed. (Silicon'sability to operateat higher temperatures
is reflectedin the highertemperaturesrequiredfor purification.) Inductionheating
methodsthatworkedfor germaniumpurificationwere difficult to applyto silicon. But
initial problemswereovercomeandsiliconbecamea practical semiconductormaterial.

Concurrently,developmentwasprogressingin theproductionof P-N junctionsin
the crystal formingprocess. This wasachievedby addingvariousamountsof impurities
to thecrystal whileit wasbeingformed. Thuspointcontactsor cat-whiskerswere elim-
inated,anda solid junctionthenformedtheP-N device. This resultedin greatermechan-
ical stabilityandreliability.

Methodsfor formingP-Njunctionsother thanthe grownjunctiontechniqueinclude
thealloytechniquedevelopedin 195Zandthe diffusiontechniquedevelopedin 1956. In
thealloytechnique,dotsof impurity are fusedto the semiconductorto form a junction.
In thediffusiontechnique,the impurity is transferred in thegaseousstateto thin semi-
conductorwafers. Thereactionbetweenthetworesults in a closelycontrollableprocess
that canbeduplicated.
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Thediffusionprocesssubsequentlyled to the"drift" transistorandthemicro-
alloy diffusedtransistor (MADT). Theseunitshavehigherfrequencycapabilitiesthan
their predecessors. Otherdevelopmentsthathaverecentlyraisedfrequencylimits and
operatingpowersare themesaandepitaxialmesatechniques.Themesatransistor is a
silicondiffusedbasedevice,whiletheepitaxialmesais a modificationof this technique
that further increasesfrequencyrange.

Whilemuchworkhasbeendonewith siliconandgermanium,experiencegained
with theseelementshasprovedusefulin thedevelopmentof othersemiconductordevices.
Indiumantimonideandgalliumarsenideare intermetallic semiconductorsthat areuseful
in constructingawider rangeof devicesthancanbemadewith either germaniumor sili-
con.

Othersemiconductordevicesthathavebeendevelopedas anoutgrowthof transis-
tor anddioderesearchinclude: the Zenerdiode,variablereactancediode,microwave
signaldiode, silicon rectifier, siliconcontrolledswitchandfour layer diode, silicon
controlledrectifier, tunnelor Esakidiode,unijunctiontransistor, field effect transistor,
photoconductor,photovoltaicor solarcells, galliumarsenidediodesor semiconductor
lasers, thermistors, thermoelectriccoolers, thermoelectricpowergenerators,andHall
effector magnetoresistivedevices.

Themajor advantagesof semiconductorsovervacuumtubesor electromechanical
relays are ruggedness,andreductionin size, weight,powerrequirements,andmainten-
ance. Therefore, semiconductorsare in demandfor industrial applicationsandare ideal
for military or spaceapplications. Althoughsemiconductordevelopmentwouldhave
evolvedona commercialbasis, the space,missile, andmilitary programshaveaccel-
erateddevelopmentandnotableimprovementshaveresulted. Major problemsconcerning
semiconductorapplicationin themissile/spaceprogramfall into twocategories: the
needfor reliability andtheneedfor operationin severeenvironments.Reliability is
importantbecausemaintenancecannotbeprovidedin mostmissile/spaceapplications.
Someof the"mostreliable componentshavebeendevelopedfor themissile/spaceprogram.
Reliability is importantin commercialuseaswell, althoughtheneedis notascritical.

Missile/spaceapplicationrequiresoperationoverwidetemperaturerangesand
operationin fields of highnuclearradiation. Undoubtedly,thedevelopmentof semi-
conductordevicesfrom materialswhichcanoperateat thesehighertemperatureshas
beenacceleratedby theseprograms. Bothsiliconandgalliumarsenidehavetemperature
characteristics superiorto germanium,andtherequirementsof themilitary and
missile/spaceprogramshavestimulatedmuchdevelopmentin thesetwomaterials.
(Mostof thetransistorsusedin entertainmentelectronicsare germanium;however,
silicon is preferred for industrial or military electronics.) Althoughmosttransistors
usedin industrial applicationsdonotencountersevereenvironmentalconditions,a
transistorbuilt to operateovera wideenvironmentalrangehas, in mostcases,more
constantcharacteristicsin normalenvironments.A greatachievementin thepastdecade
hasbeenthedevelopmentof meansto volumeproducesuchprecisiondeviceswithout

Z

sac rificing quality.

Most semiconductors degrade drastically when subject to radiation. Thus semi-

conductors exposed to radiation in the Van Allen belts could degrade sufficiently to cause

equipment failure. The field effect transistor shows promise as a device that is not

greatly affected by this radiation. The field effect transistor maintains its gain under

radiation but reduces gain of equivalent standard transistors to 40 percent. When the
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standardtransistor hascompletelydegradedfrom radiation, the field effectunit still
maintains70percentof its gain.

TheISA Journal poses this question: How are instruments and communications

systems going to survive months' or years' long journeys into space? It goes on to com-

ment that RCA has some solutions based on a four-year research and development pro-

gram. Highlights include: l) long life, high reliability. In an isolated facility under

controlled temperature, humidity, and dust free conditions, RCA is trying to develop

transistors with a theoretical life expectancy of 100 million hours. Z) High power, high

frequency. New transistors developed with superior power and frequency characteristics

will permit complete transistorization of instruments and telemeters. Some newly devel-

oped transistors will handle up to 8 watts at 200 megacycles. 3) Size, speed. A new

transistor developed for a computer is one-fifth the size of its counterparts and operates

at twice the speed. An N-P-N mesa, developed under this program, handles one billion

signals per second and should permit the design of new logic circuits for computers.

4) Efficiency. The use of gallium arsenide in solar cells permits a new high efficiency

of 13 percent. 3

Much development work in the semiconductor field is indirectly attributable to the

missile/space program. A typical situation would involve an equipment manufacturer

who has a contract for the space program to produce a system which would have to meet

extreme environmental and reliability specifications. The equipment manufacturer in

turn would have to purchase semiconductor components for incorporation in his system.

His demands upon a semiconductor manufacturer would necessitate that the manufacturer

perform sufficient research and testing to insure the quality of his devices. Thus the

semiconductor manufacturer would be required to maintain high caliber technical person-

nel and rigid production procedures to meet the specifications. The knowledge acquired

to meet specifications as a supplier to amissile/space contractor will certainly not be

discarded when the semiconductor components manufacturer is producing commercial

components. Much of the art that he achieved would be directly transferrable to a com-

mercial operation.

Examples follow of transfers of technology between missile/space and commer-

cial work in this field as reported by individual firms.

Texas Instruments Incorporated

Dallas, Texas

silicon Although Texas Instruments can identify no specific

transistors missile/space contract where there has been direct by-

product spill-over, the company states that the entire

field of silicon transistors would be in a far less sophisticated state of develop-

ment without the advanced application to the missile/space market. In the earlier

stages of their development, silicon transistors were used almost entirely in

missile/space applications, due to the fact that they can operate at higher tem-

peratures than germanium devices.

In a statement in the Commercial and Financial Chronicle, January 1963,

TI's President, P. E. Haggerty, points out that government markets accounted

for a major portion of electronics industry sales in 196Z. Total electronic in-

dustry sales amounted to $13 billion in 1962, of which an estimated $7. 5 billion

derived from military, space, and other government markets. With this broad
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support, it wouldbedifficult to findelectronicdevelopmentsthatwere notaffected
by governmentstimulusandrelatedto themissile/spaceeffort. Tl's owntech-
nical effort representsexpendituresof over$40million annually. About60per-
centof this wascompanyfundedin 1962withtheremaindersupportedbyothers,
chiefly the Department of Defense.

It is of interest, too, that technologies developed first for commercial

applications are now being applied by Texas Instruments in the missile/space

effort. Techniques and instrumentation developed originally for geophysical

surveys are now being used to probe space.

To sum up, about one-half of TI's R & D has been sponsored by and directed

toward the nation's defense, missile, and space needs; much of this effort is

applicable to commercial electronics, present and future. To look upon specific

developments as "by-products" may not be meaningful in the case of Texas

Instruments; it is more meaningful to look upon the total effort, noting that TI's

commercial effort has missile/space application and vice versa. In other words,

both contribute to each other.

General Electric Company

Semiconductor Products Department

Syracuse, New York

reliability Several types of high reliability transistors were devel-

techniques oped by the Semiconductor Products Department of the

General Electric Company to meet specifications re-

quired by the Minuteman missile program. Development effort centered on de-

vice design and workmanship. One-half of the funds were provided by the Gen-

eral Electric Company; the other half by North American Aviation corpora-

tion which, in turn, obtained the funds from the Ballistic Systems Division of the Air

Force. (However, on two of the transistor types, all of the funding came from

General Electric.) General Electric funds were earmarked for overall engineer-

ing and manufacturing; government funds for the measurement part of the overall

e ffo r t.

The class of transistors (grown-diffused on a fixed bed mounting) on which

development effort was placed was in existence prior to the missile/space pro-

grams. These programs enabled the reliability of this class of transistor to be

improved in shorter time and in greater degree than would otherwise have been

the case. The high reliability types of transistors were designed to perform

amplification and switching functions in Minuteman. Some of the knowledge gained

from the Minuteman Missile Reliability Program has been used on commercial

and industrial transistors in existence prior to the Minuteman program to im-

prove their reliability. These commercial and industrial transistors are used for

control and computer applications. A very small percentage, if any, of the types

specifically developed for the Minuteman program are sold for commercial and

industrial applications.
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NorthAmericanAviation, Inc.
Autonetics Division
Downey,California
reliability Autonetics, working on the Minuteman program, has

helped pioneer the development of semiconductor devices

which are two orders of magnitude more reliable than their pre-Minuteman coun-

terparts. Commercial versions, incorporating much of the knowledge gained,

are being sold.

Merck & Company, Inc.

Merck Sharp g_ Dohme Research Laboratories

Rahway, New Jersey

diode and

transistor

substrates

from gallium

arsenide

Gallium arsenide is an old semiconductor material. As

a substrate for consumer rectifiers and transistors, it

has not shown sufficient advantages over silicon and

germanium to lead to any large scale applications. The

response of this material to space environment, the

solar radiation spectrum, and to high temperatures,

however, has led to applications of gallium arsenide in solar cells, special tran-

sistors, and diodes operating at the extreme rocket-missile temperatures. Both

of these developments have in turn advanced the gallium arsenide materials and

application technology to a stage where the use of this semiconductor is now being

investigated in a number of consumer areas, such as tunnel and varactor diodes.

The present non-space applications of the material are in specialty devices in

relatively small volume. Its ultimate potential is not really known. These devel-

opments have been funded by Merck & Company, Inc.

Radio Corporation of America

Semiconductor and Materials Division

Somerville, New Jersey

gallium

arsenide

semiconductors

(potential)

RCA's Semiconductor Division has done a great

amount of research and development on gallium arsenide

semiconductors. Original impetus for the work came

from the Air ]Force B-70 program, but later impetus came

from missile oriented Air Force sponsored follow-on

s tudie s.

Gallium arsenide semiconductor work was originally pursued because a

gallium arsenide semiconductor device can operate at higher temperatures than

one of silicon or germanium. Operating characteristics, however, are also

better in many cases at lower temperatures. As work progressed, it was found

that a gallium arsenide switching diode has a much faster switching speed than

anything known to date. Gallium arsenide varactors were discovered to have

superior frequency response characteristics. Gallium arsenide solar cells

demonstrated improved radiation and temperature resistance over silicon cells.

Although gallium arsenide devices have been limited to missile/space

applications thus far, their fast switching speed indicates computer uses. Their

excellent frequency response has application to microwave communication.
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reliability Transistor development in general has been accelerated

miniaturization by the missile/space effort. One certain manifestation

of this is the very advanced state of development of sili-

con transistors in the U. S. This includes almost all applications, commercial

and military.

Space and military inspired miniaturization and reliability have commercial

carry-over. At first, miniaturization was pushed for its own sake, but soon RCA

realized that with miniaturization comes reliability and ease of production. As

electronic circuits are miniaturized, they are made as a unit rather than as a

combination of separate wires and components. Less hand operations are re-

quired; fewer connections can go wrong. Production costs have already been

reduced due to ease of assembly.

Motorola, Inc.

Motorola Semiconductor Products Division

Phoenix, Arizona

semiconductor

reliability

and integrated

circuitry

The product line of Motorola Semiconductor Products

includes over 5, 000 different items. While it is impos-

sible to evaluate the effect of the missile/space program

on each item, a qualitative evaluation of the effect on

the product line as a whole can be made.

Many of Motorola's transistors and diodes go into the missile/space pro-

gram. In general, the missile/space program makes itself felt by inducing

improvements in existing devices or, in some cases, making a device commer-

cially saleable by supporting the early production phase.

Surface passivation and other techniques have resulted in highly reliable

transistors. The missile/space program's need for reliability is felt whether

or not Motorola is working on a specific Air Force, Navy, Army, or NASA

program.

Unquestionably the major reason for Air Force research and development

in integrated circuitry is missile/space application. Motorola is a major factor

in the Air Force program. The company states that this plus other effort going

into the development of integrated circuitry will have an impact on the industrial

and entertainment electronics market (see section on "Microsystems Electronics"

immediately following).

Initial development of all Motorola's missile/space products was funded by

the company. Several devices have been modified and refined for the Army,

Navy, and Air Force. Many of these refinements are being, and will be, used in

Motorola's commercial line.

Clevite Corp.

Clevite Transistor Division

Pa!o Alto, California

Shockley

diode

impedance state.

The Shockley diode {or four layer diode} is a two-terminal

silicon semiconductor switch. It has two stable states:

the off or on high impedence state and the on or low
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TheShockleydiodehasbeenusedin boththeSidewinderandPolaris missile
programs, andthemarket for this deviceis split about50/50betweenmilitary
andcommercialuse. Thecompanystatesthat missile/spaceeffort hascontributed
significantimpetusto thedevelopmentandmarketingof this switchingdevice. Its
most significantapplicationsin themissile/spaceefforts havebeenin timing de-
vices, pulsegeneration,andpoweringactuators.

Commercially,theShockleydiodesareusedin measuringandcounting
instruments,alarm systems,pulsemodulators,timedelayor timing circuitry,

and telephone switching.

Z. Microsystems Electronics

Microsystemselectronics(microelectronics)is the science of miniaturizing elec-

tronic circuitry. Although there is some confusion in terminology due to the newness of

the field, microelectronic circuits may be divided into three categories: i) semicon-

ductor integrated circuits, Z) thin film circuits, and 3) modular circuits.

Semiconductor integrated circuits are formed on an active substrate such as

silicon or germanium. Both active circuit elements (e. g. , transistors, diodes} and

passive circuit elements (e. g. , resistors, capacitors) are integrated into the substrate.

With this technique it is possible to place a complete circuit containing both active and

passive components in a case that would previously have held only one of the transistors.

Thin film circuits are formed on an inactive substrate such as glass or ceramic.

The passive circuit elements are formed by vacuum deposition, chemical deposition, or

electrochemical deposition, and active elements are added separately as discrete com-

ponents. In the future, active elements may be formed by a deposition process.

Modular circuits consist of discrete, minute active and passive components which

can be connected by wires, printed circuitry, or thin films. These are packaged in tiny

module s.

There is now considerable competition between companies, company divisions,

and military agencies as to which method is best. For example, the Army Signal Corps

with P. R. Mallory and RCA support the modular approach. The Air Force with Fair-

child, Motorola, General Electric, Westinghouse, and Texas Instruments support the

integrated circuit approach.* Lear Siegler champions the thin film approach.

e ;_11The accelerated development of microcircuitry, esp c_=_y with respect to reli-

ability, is a major contribution of the missile/space effort. The field is of such signifi-

cance that it is safe to say that microelectronics would have evolved in the absence of

missile/space support, but at a much slower pace. 4

The computer industry will certainly benefit from the technical knowledge pro-

duced by missile/space funding. Carryover of digital transistor or microcircuit know-

how into the computer field will be almost immediate. Switching circuitry developed

primarily for space vehicle electronics has direct application in commercial computer

circuits. Semiconductor circuitry developed for military applications could become "off-

the-shelf" computer component items.

* Westinghouse champions the word "rnolectronics" or molecular electronics. Since

there does not seem to be a universal understanding of what the word means or what

the concept is exactly, it is categorized with the integrated circuit approach.
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Of interest in the microsystems electronics field is the advent of new companies

spawned by industries presently engaged in the missile/space program. These new

companies may well be started by personnel who have essentially been educated by mis-

sile/space program funding. Techniques acquired while in the employ of a contractor to

the Air Force, Navy, Army, or NASA are directly transferrable to their new company.

In the past few years there have been several successful attempts of such transfer.

Examples of missile/space effort contributions to microelectronics follow.

Fairchild Camera and Instrument Corporation

Fairchild Semiconductor Division

Mountain View, California

micrologic The missile/space field has created a market in which

semiconductor Fairchild can produce sophisticated scientific products

integrated and achieve a fairly rapid payout on its investment in

circuits development. When the barrier of initial development

cost, and the resulting initially high-per-unit price has

been surmounted, the company expects to be able to develop a sizeable market

for its products inthe non-government economy. In other words, the contribution

of the missile/space field has been to accelerate the development of technically

sophisticated products and bring them to the non-government user more rapidly.

An example of this is Fairchild's micrologic series--a family of functional

circuit elements in which transistors and resistors are diffused by a Fairchild

process into a single chip of silicon. These chips of silicon are circuits them-

selves and can be used to fabricate a computer logic section. No other compo-

nents are required.

According to Fairchild, micrologic elements make possible a simplified

approach to the job of designing a computer and greatly reduce the lead time from

design to prototype model. Fairchild claims that the use of micrologic elements

can cut the logic system design and assembly costs by 90 percent, space require-

ments by 95 percent, and power requirements by 75 percent.

These elements were not designed specifically for the aerospace market.

They were designed for the computer field in general. In the early stages, the

cost was high, and micrologic elements found most of their usage in missile,

space, and military applications. Prices recently, however, are nearly com-

petitive with conventional construction.

Lear Siegler, Inc.

Re search Laboratories

Santa Monica, California

semiautomatic The Research Laboratories of Lear Siegler, Inc., work-

machine for ing on ways to mass produce thin film microcircuits,

producing have developed a semiautomatic machine for making

these circuits. The missile/space effort has contributed

circuits toward this development only in that it provides a pri-

mary market for thin film circuitry; however, without

this market thin film circuitry or its mass production probably would not have

reached its present level of development.

thin film
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A Lhin filIH _ir_uit ks _i_ade by dcpositing, in a vacuum, thin film materials

on a thin substrate of glass. Deposition takes place through a series of stainless

steel masks so that the desired circuit elements are deposited.

The electrical resistance, and therefore the film thickness, is controlled

automatically by Lear Siegler's machine. All capacitors, resistors, and inter-

connections in the circuit are made with thin film deposition.

An amplifying circuit using conventional transistors and diodes ks built by

stacking the glass slides together and making interconnections through holes

drilled in the glass with ultrasonic drills. A completed three-stage amplifier

measures I/Z inch by I/g inch by 3/10 inch; it contains 8 resistors, 3 capacitors,

3 transistors, and Z diodes. This technique has reduced the size of an amplifying

circuit by a factor of 10. Over 50 different types of analog, digital, and radio

frequency modules are being produced by Lear Siegler.

Lear Siegler will license its machine to manufacturers of electronic prod-

ucts. Present n0n-missile/space applications of the company's microcircuits

include their use in autopilots, hearing aids, and commercial data transmission.

The miniaturized circuits probably will find commercial use in computers due to

the circuit's small size, low power requirements and high switching speeds. The

company believes that replacement of resistors and capacitors by thin films, with

mass production of thin film circuits, will lower the cost of electronic amplifying

systems and increase their reliability.

3. Thermoelectric Refrigeration

There are two basic thermoelectric effects: the Seebeck effect discovered in 18Zl

and the Peltier effect discovered in 1834. The former describes electric power genera-

tion by application of heat to a junction of two dissimilar materials while the latter des-

cribes the creation of a temperature difference between junctions of two dissimilar mate-

rials by the passage of a steady electric current. Thermoelectric refrigeration, or

Peltier cooling, applies the latter effect.

Thermoelectric refrigeration efficiency depends upon the Seebeck coefficient

(voltage produced between junctions of dissimilar materials per unit temperature dif-

ference), thermal conductivity, and electrical conductivity. A figure of merit commonly

used is the Seebeck coefficient squared, times electrical conductivity, divided by thermal

conductivity. In general, the low Seebeck coefficient of metals gives a metallic junction

of low figure of merit. The very low electrical conductivity of an insulator tends to give

insulator junctions low figures of merit also. Semiconductors, however, have moderate

Seebeck coefficients, thermal conductivities, and electric conductivities and, therefore,

significantly high figures of merit. Because semiconductors had not been extensively

investigated until the 1940's, Peltier cooling, as demonstrated by metals, remained a

laboratory curiosity for over I00 years.

The modern pioneers of semiconductor thermoelectric research are M. Telkes

andA. F. loffe. _ Expansion of work in the field has been significant in recent years

as several survey articles in the field indicate. 6 Demonstration of practical prototypes

of thermoelectric cooling applied to large room coolers and industrial air conditioners,

ice makers, water coolers, and miniature refrigerators has been accomplished by

Borg-Warner, Carrier, General Electric, RCA, Whirlpool, and Westinghouse. 7
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Futureapplicationsof thermoelectriccoolingwill becomemorepractical as
figure of merit is increased--anincreasedependenton resultsof semiconductormate-
rials research. Materials researchhasbeensponsoredby companiesthemselves,by
aerospaceprograms,andby othergovernmentdefensespending.Onenoteworthygov-
ernmentsponsorshipof bothmaterials researchandpractical thermoelectriccoolingis
thatof theU. S. NavyBureauof Ships.8 Thisworkis dedicatedto thediscoveryof
noiselessandeasilycontrollableair conditioningfor submarines. Temperaturecontrol
andair conditioningof aerospacevehiclesis a similarproblem.

Applicationof thermoelectriccoolingin spacevehiclesalsorequiresauxiliary
equipment.For example,anair conditioningunitmayrequirea controllablesteady
current from zeroto several hundred amperes. Power probably will have to be trans-

formed, rectified or inverted, and fed through a thermostat controlled regulator to supply

the coolers. Standard commercially available relays, electromechanical controllers,

and gas and vacuum tubes are not as suitable as potentially available solid state devices.

Therefore, development of auxiliary control equipment as well as development of the basic

coolers is necessary for practical aerospace vehicle application.

Similar control systems are necessary for many other functions of aerospace

vehicles. An example is the control of orientation motors for antennas, solar cells,

control fins, or guidance rockets. Much research and development to make these systems

small, rugged, and efficient has already been supported by the missile/space programs.

Results of this work have been applied to thermoelectric refrigeration, both for aero-

space and commercial applications.

Although large thermoelectric coolers for air conditioning are potentially attrac-

tive for many applications, their expense in comparison with conventional equipment has

hindered their usage--even for missile/space. On the other hand, small coolers for

individual electronic components and circuits have seen extensive use in missile/space

and military applications. This kind of cooler is competitive from a cost standpoint.

Problems concerning thermoelectric power generation are quite similar to those

of thermoelectric cooling. Improvements resulting from semiconductor materials re-

search will affect both applications, and developments in thermoelectric refrigeration

will affect power generation and vice versa.

Examples of thermoele.ctric refrigeration R & D fall-out follow.

Borg-Warner Corporation

York Division

York, Pennsylvania

solid state

controls

for cooling

systems

Borg-Warner makes commercial, military, and missile/

space refrigeration equipment. While York Division

feels there have been many indirect benefits from the

missile/space effort, the most direct contribution has

been solid state rectifiers and controls used in power

supplies and inverters for refrigeration equipment, notably thermoelectric cool-

ing equipment.
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thermoelectric With regard to the thermoelectric cooling ._y._t_m_ them-

cooling selves, York Division believes that thermoelectric semi-

conductor materials are more a product of research in

(potential) electronics than in thermoelectric cooling. Some of this

electronics research may have been missile/space motivated; it is difficult to

know for sure. Much of York's effort with regard to thermoelectric cooling has

been toward the development of submarine cooling systems where noise elimina-

tion is a vital factor.

The application of the whole field of thermoelectric cooling to the space

effort is now being studied by the company; however, little specific hardware has

evolved from this branch of its total thermoelectric cooling effort.

The Wall Street Journal notes that Borg-Warner has stated that thermo-

electric cooling is now economically practical for only small units. However,

military requirements have uncovered many advantages in reliability, space

saving, and silent operation; ultimately there will be a savings in cost.9

Department of the Navy

Office of Naval l_esearch

Washington, D. C.

Bi-Te

thermoelectric

junction

(potential)

The U. S. Naval Research Laboratory has a long stand-

ing interest in thermoelectric devices and the Peltier

effect. A circuit using a bismuth-tellerium junction was

developed to regulate the temperature of a critical system

component at a temperature below ambient. This devel-

opment was the result of a missile/space program requirement. The same cir-

cuit can be used to maintain the component at a temperature warmer than ambient.

This cooler could be used to temperature regulate sensitive components in

commercial equipment; however, laboratory personnel are not aware of such

commercial application if it has taken place.

4. Connectors, Cables, and Printed Circuits

One of the first connectors was the sleeve contact plug and matching jack, devel-

oped for telephone switchboards around the turn of the century. Since that time, many

improvements have been made in design, materials, variety, performance, and appear-

ance, but the basic need which prompted this development persists: a means to provide

simple, fast, flexible, and reliable electrical connection. 10

Many difficulties were encountered with connectors in World War If, and in the

years following considerable development work has been devoted to improving all con-

nector characteristics. Miniaturization, improved dielectrics, better corrosion re-

sistance, better high temperature performance, and improved mechanical reliability

have all been objectives of this effort.
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Stringentmilitary requirementspromptedthedevelopmentof theAN series of
connectors,a highlydevelopedandhighly reliableconnectorseriesusedwidely in air-
craft wiring. This seriesprovidesnumerouscombinationsof shell types, pin arrange-
ments, numbersof pins, inserts, andcurrent carryingcapacities. ANconnectorsare
generallyroundmulti-pin, multi-socket, non-radiofrequency,current carrying con-
nectors. Fewer in number, but also important, are coaxial type connectors for carrying

radio frequency current, printed circuit connectors, plugs and jacks, and rack and panel
I0

connectors.

All these connectors have been improved by the post World War II military effort

and the subsequent missile/space effort. (See descriptions following this introduction for

examples: Amphenol-Borg--An Improvement on the AN Series; Elco Corporation--

Improved Rack and Panel and Printed Circuit Connectors; Microdot Inc. --Coaxial

Cables and Connectors.) The missile/space program has prompted further connector

development along the lines of miniaturization, reliability, resistance to breakdown in

high altitudes or space, resistance to radiation, and resistance to high temperatures. 10

Of these improvements, miniaturization and higher reliability are of the greatest

commercial interest. A complex computer, a complex communication system, or an

automated plant is particularly dependent on reliability of individual components for the

reliable functioning of the whole system. It is evident that if the number of components

in a system increases without a corresponding increase in reliability of each component,

the reliability of the overall system must decrease. Therefore, continued improvement

in reliability of components is essential to the construction of increasingly complex

equipment, both military and civilian.

Closely related to connectors is the field of cables. Cable is constructed of one

or more insulated conductors, solid or stranded, enclosed in an outer protective cover-

ing or jacket. As in the connector field, current trends in the manufacture of cable have

been toward reduced weight and size, increased operating temperature, resistance to

radiation breakdown, and resistance to breakdown in a high altitude or space environ-
11

ment.

Printed circuits provide a compact, reliable means of making electrical connec-

tion. A printed circuit is a thin pattern of electrical conductors closely affixed to a

supporting insulator, it Printed circuitry was developed in early 1945 by the National

Bureau of Standards to save space in the radio proximity fuse.

Today, printed circuits are of three primary types: etched, plated, and stamped.

Etched circuits and plated circuits are both formed from a copper clad laminate by a

combined photographic and etching (or photographing, etching, and plating) process,

whereas stamped circuits are formed from metal foil, hot-pressed with an adhesive to the

in sulato r.

The missile/space program has relied heavily on the printed circuit because it

facilitates modular design, improves reliability, and reduces weight and bulk of many

complex systems. Production for the aerospace industry has given rise to more reliable

and otherwise improved printed circuitry through tighter specifications, better design,

improved production techniques, and the use of better materials.

Examples of missile/space related improvements in cables, connectors, and

printed circuitry follow. Note that these do not represent real innovations or radical

changes, but are primarily improvements.
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An_phenol-BorgElectronics Corporation
AmphenolConnectorDivision
Chicago,Illinois
48 Series About 1954, the Air Force contracted with Amphenol to

connectors develop a new line of connectors which would eventually,

in the company's opinion, supersede the old AN series.

Before the line was completely developed, Air Force funding ran out, and the

company decided to finance completion of the program itself. Amphenol believes

that missile and jet aircraft needs were a part of the original Air Force motivation

for funding the program.

Amphenol's motivation in continuing development without Air Force funding

was the belief that the old AN series would be partially phased out. During the

latter phases of this development, the Air Force began to regain interest, and

further specification requirements were forthcoming.

During the development period, the missile/space program effort was ac-

celerated, which caused some basic changes and necessitated the redesign of the

entire connector. The line of connectors which finally ensued (military specifi-

cation MIL-C-Z6500) is called the 48 Series by Amphenol and was introduced in

1961. This line combines advances in materials technology for high reliability

under extreme conditions with a simplified mechanical design that reduces the

overall connector harness and assembly cost.

The 48 Series connectors are utilized extensively in the Minuteman missile

program, "Looking Glass" B-5Z Retrofit program, "Pipe Cleaner" B-47 Retrofit

program, F-100 fighter program, and checkout equipment for doppler radar.

Other programs under development likely to use MIL-C-Z6500 connectors include

Madrac, Dyna-Soar or X-Z0, C-141, Pratt-Whitney TFX engine, Polaris, Agena,

Snap-Shot, Sergeant, Titan Ill, and two classified projects not identified.

Commercially, the connectors are used on the Boeing 7Z7 jet aircraft, and

Amphenol-Borg anticipates the use of the 48 Series connectors on other jet air-

craft in the future.

The company notes that non-space use of MIL-C-26500 connectors (its 48

Series) will probably be limited. By its very nature, the connector was designed

to satisfy stringent environmental conditions requiring a high degree of reliability.

Non-space applications do not normally involve such demands. Other types of

connectors available, in many cases, will satisfy non-space requiren_ents at less

cost. The company adds, however, that knowledge resulting from development of

its 48 Series has proven valuable in developing other connector lines--up-graded

versions of standard lines more suited for commercial applications.

(Several other firms are now manufacturing connectors which meet or are

similar to the MIL-C-26500 specifications.)



83

Brown Engineering Company, Inc.

Huntsville, Alabama

printed Brown Engineering Company is producing a connector

circuit board which makes circuit connections between two printed

connector circuit boards without solder joints. A means of con-

(potential) necting printed circuits which would withstand great
vibration, permit dense packaging, and insure reliabil-

ity was needed for missile/space vehicles. Connectors which would perform

satisfactorily were not readily available. As a result, the connector now being

produced by Brown was designed.

The actual relationship involved in the development and production of this

connector is slightly different from that normally occurring under NASA contracts.

The basic connector concept was developed by an employee of the Marshall Space

Flight Center of NASA at the time that this organization was a part of the Army.

A patent application was filed by the Army Patent Office in this employee's name,

it being determined that the patent rights for the invention, with the exception of

a royalty-free license retained by the Government, would remain with the in-

ventor. The patent is still in process at the U. S. Patent Office. Brown Engi-

neering Company has an exclusive license agreement with the inventor to manu-

facture and sell the connectors.

The connectors were further developed by Brown Engineering with its own

funds under the license agreement and appear to be the answer to many connector

problems. They are currently being used in the Pershing and Saturn missiles.

The connectors are presently being evaluated for use in commercial digital

computers, which represent the principal potential non-space market.

Elco Corporation

Philadelphia, Pennsylvania

Varicon Elco's basic product is called the Varicon connector. It

connector works by the interlocking of two forked metallic strips

which form a four-sided electrical connection with

constant mechanical pressure on each of the four sides. The product was devel-

oped about twelve years ago by the president of Elco as a competitive variation on

the standard rack and panel connector. Many variations have been made on the

basic connector itself and in geometrical arrays of these connectors.

From the inception of this connector, many improvements have been made;

a number of these can be traced to the company's work with the missile/space

industries. {When a series of improvements have been made in the product, as

has happened with the Varicon contact, the events blend into a continuous spectrum

of improvement. It is not practical to identify each improvement and its cause.

It is more meaningful to identify the overall change and the overall causes of this

change. )

One of the most important overall changes in the Varicon contact was the

miniaturization of the product. Other changes in materials, tolerances, and

methods of terminating the cable in the connector (wrapping or crimping, rather

than soldering), have made a more reliable product. Finally, the product line

has been expanded from the original rack and panel concept to printed circuit
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connectors and micromodular connectors. Although the company has always had

commercial sales of its product, it feels that recently the missile/space effort

has been the prime impetus behind the continued improvement in reliability and

continued miniaturization of its product. Varicon connectors have been used in

the Titan, Minuteman, Atlas, Hawk, and Polaris missile programs, as well as

for NASA's Mercury and Mariner.

Non-missile/space uses of Varicon connectors include their incorporation

into: commercial data processing equipment, vote tallying equipment, navigation

equipment, FA_A communications equipment, radar equipment, digital voltmeters,

and airborne power supplies. Of all the effects of the missile/space program on

Elco's products, the company thinks the following two are of prime commercial

importance: i) the reliability has been improved, important in complex commer-

cial systems and, Z) commercial users can obtain this reliability at relatively

little or no extra cost.

Epsco, Inc.

Camb ridge, Ma s sachu s eft s

high quality While working on the Polaris missile program, Epsco

printed had a requirement for a high quality printed circuit

circuit board. They were not able to purchase commercially

boards the kind and quality of board desired. Therefore, the

company developed its own for use in the program.

From this development, the company became established in the production of

printed circuits which they now sell commercially as well as for military and

space applications.

Approximately Z5 percent of the sales are for non-space use.

International Resistance Company

Plastic Products Division

Philadelphia, Pennsylvania

Polystrip(R) Polystrip is a thin, flat, flexible cable containing

and rectangular conductors protected between tough plastic

Lamoflex (R) sheets. The two-dimensional characteristic of the

harne s s provide s advantage s in installation, electrical

characteristics, ultimate package size, and weight. Furthermore, the flat

configuration of the conductor s allows materially inc reased current capacity (up

to ZOO percent) as compared to round wire and cable.

Lamoflex is thin, flexible etched circuitry or cable. The circuits are

sandwiched between two sheets of thermoplastic material which is fused into a

homogeneous material. Circuit layers can be stacked. Four-layer circuits are

in high volume production, and six-or-more-layer circuits are in the prototype

stage. These products withstand flexure, vibration, humidity, salt spray, and

chemical s.

Polystrip and Lamoflexwere initially marketed by IRC several years ago.

The motivation for the original development of these two product lines was to

provide interconnection materials appropriate for the new requirements of mini-

aturization and weight reduction in the electronics industry, which were acceler-

ated by missile/space specifications. Polystrip and Lamo/lex have been used in
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the Minuteman,Subroc,andAtlas missileprogramsandthe Tyros, Echo,and
OrbitingSolarObservatorysatelliteprograms.

Althoughthemajority of usesof PolystripandLamoflexhavebeenin con-
nectionwith themissile/spaceprogram,newapplicationsare developingin com-
mercial computer,communications,andapplianceequipment.

SandersAssociates,Inc.
Nashua,NewHampshire

Flexprint (R) Sanders makes a flat, flexible printed wiring called

Flexprint circuitry. Flexprint circuits are flexible

etched printed harnesses and circuits used for interconnection, differing from

hardboard printed circuits in that they may be flexed, folded, fitted in any

dimension or preformed. At Sanders, the development of Flexprint wiring

started with a missile application. Its value in a multitude of commercial and

industrial applications became quickly evident. About three years after the

original missile work, Flexprint was introduced to the general market. It has

been sold to manufacturers of computers, telephone systems, and photographic

equipment.

A new products article in The Engineer states that a British firm, Techno-

graph Electronic Products, Ltd., is making a cable similar to that of Sanders and

International Resistance Company. This product consists of light, flexible strips

of copper sealed between layers of melamine plastic. It has great flexibility over

the temperature range minus 70 ° to 140°C. The tensile strength is 500 pounds per

square inch. The electric properties of this cable are unaffected by folding or

bending, and the cable is highly resistant to fungus, sunlight, salt water, acids,

alkalies, and alcohol. Reductions in cable weight and bulk of up to eighty percent

are claimed with this product. 13

Tri-Plate (R) Sanders also markets Tri-Plate microwave strip

transmission line, a printed microwave circuitry which

replaces coaxial or waveguide media with a substantial reduction in size and

weight. The development of Tri-Plate at Sanders started with a missile appli-

cation. Current missile/space applications of Tri-Plate include its use in

missile and satellite communications and control. Commercial applications in-

clude aircraft, point-to-point communications, navigation, and high speed

compute r s.

The use of planaror microstrip transmission lines was first explored

during World War II. This development remained relatively unknown and un-

published in the early post-war period. :4 During 195Z, work was done by the

Federal Communications Zaborato rie s in studying and improving micro strip.

Grieg and Engleman investigated two basic types: i) a cylindrical conductor sus-

pended above a ground plane and, Z) a narrow ribbon conductor (microstrip)

separated from the ground plane by a dielectric material. The microstrip was

found to be superior to the cylindrical conductor because the field spread around
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theconductoris small, makingcompactpackagingpossible. Printedcircuit
techniquesareapplicableto the constructionof microstrip. 15

CaliforniaInstituteof Technology
Jet PropulsionLaboratories
Pasadena,California

potted Under the Army's Sergeant missile program, improved

connector potted connectors were developed at Jet Propulsion

Laboratories which are now being sold commercially by

one of the persons originally connected with the program. A potted connector is

simply a standard connector encased in a rubber or plastic resin to give it rigid-

ity and protect it from moisture and other damage.

Lockheed Electronics Company

Plainfield, New Jersey

printed Lockheed Electronics' Avionics and Industrial Products

circuit Division has built a large printed circuit facility mainly

facility for the purpose of supplying printed circuits to the

missile/space industry. Currently, 25 percent of the

sales go to non-missile/space users and this percentage may eventually climb

to 50 percent. (Although in some cases, the end user is still the government. )

Missile/space requirements did not create printed circuits but printed cir-

cuit production and technology have been given a tremendous boost by them.

Lockheed's facility and products made there are examples of that impetus.

Pacific Automation Products, Inc.

Glendale, California

electronic Pacific Automation's main product line, electronic cable,

cable is based on a long history of electric cable development.

However, the complexities of missile/space systems,

(potential) the short product development lead time, and the re-

quirement for higher reliability have forced improvement in manufacturing tech-

niques and overall product improvement. The improved cables are used in

launching sites, propulsion test facilities, tracking stations and, to a lesser

degree, in the space vehicle itself. The company considers it highly probable

that its improved cables will ultimately find use in industry. The first use

probably will come in the field of automation, since reliability is critical to the

complex automated factory.

All product development has been funded by the company, with the exception

of a few specialized cables for two Air Force programs.

Microdot Inc.

South Pasadena, California

miniaturized Microdot was incorporated in 1950 to produce miniature

cable and cable and connectors for hearing aids requiring more

connectors reliable, smaller components. However, this market
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waslimited and, in 1953,the companydecidedto pursuetheemergingmissile/
spaceandrelatedelectronicsmarket. Bythe endof 1953it haddevelopeda
proprietary line of miniaturizedcoaxialconnectors.Relatedcablewaspurchased
by thecompanyfrom cablemanufacturers.Betweentheyears 1953and1961,
Microdotexpandedits productline to includemultipincoaxialandmulti-pin power
connectors,solderlesscrimp-typecoaxialconnectors,coaxial switches,and
sometypesof transducers. In addition,havingfoundcablepurchasedfrom other
manufacturersto be inadequate,the companydevelopedits owncable. Called
"Mini-Noise," its cableis designedin suchawaythat self-generatednoise{from
cablemovementor vibration)is dissipated.

Themissile/spaceeffort hashadtwoimportanteffectsonthis company.
First, it hasprovidedthelargest singlemarketfor thecompany'sproducts,and
second,the rigorous requirementsof the industry(suchasMIL-C-Z6500require-
mentsontheANconnectorseries)haveforcedcontinuousimprovementin the
reliability of Microdot'sproducts.

In themissile/spaceindustry, Microdotcablesandconnectorsare being
usedin spacecommunicationsystems,spacetelemetrysystems,radar tracking
systems,andgroundtest equipment.Oneexample:the cablesandconnectors
whichlinkedthe sensorsonJohnGlenn'sbodyto thetelemeteringequipmentwere
Microdotproducts.

Outsidetheaerospaceindustry, thecompany'sproductsare beingusedin
communicationsystems,computers,andindustrial researchandtest programs,
againpartially becauseof the reliability, miniaturization,andlow self-generated
noiseof Microdot'sproducts.

5. Display Systems

The term "display systems" is used here to refer to systems or devices which

present information visually. Several display systems evolved or were improved with

some contribution from the missile/space effort. However, both the types of display

systems noted and the missile/space connection of these systems were so varied as to

prohibit a state-of-the-art summary of the category "display systems." Examples

follow.

Ae rojet-Gene ral Corporation

Astrionic s Division

Azusa, California

lenticular Scientists at the Aerojet Astrionics Division have

screen developed a lenticular {made of many lenses) screen,

which the NASA Ames Research Center uses with a TV
(potential)

projector for simulating the "outside world" as viewed

by the crew of supersonic aircraft or spacecraft.

It works on the principle that most of the light projected on the screen is

focused and reflected back over a narrow angle. Therefore, a very bright

picture image is obtained over a narrow field sufficient for crew-training purposes.

Thus the screen can be used for movie or TV projection when the available pro-

jection intensity is much lower than normally required. An interesting feature of
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this screenis that picturesfrom twoor more separateprojectorscanbeshown
on it, andtheviewerwill seeoneor theotherdependingonwherehestands.

Theideaoriginatedin connectionwith simulationfor aircraft flight and
gunnerytraining, but is beingrefinedconsiderablyin view of potentialapplications
in themannedspaceprogram. Anadvancedversion, of potentialcommercial
importanceto theentertainmentindustry, is underdevelopment.It usesnew
principlesto providewider viewinganglesandmuchgreater suppressionof am-
bientlight.

RadioCorporationof America
Astro-Electronics Division
Hightstown,NewJersey
photo-
dielectric

tape

(potential)

A photo-dielectric tape representing a new type of image-

sensing device is under development at RCA's Astro-

Electronics Division for use in satellites and space

vehicles. The system offers several advantages over

existing photographic or television techniques.

Because an optical image is stored by converting it into an electronic charge

pattern which can be read out directly as a video signal by an electron beam, the

system has an inherently high resolution. Moreover, the system shows promise

of expanding the useful part of the radiation spectrum, giving better sensitivity

than standard photographic technique s.

Readout of the same image numerous times does not seriously degrade the

image quality; however, the tape can be erased completely by flooding it with

electrons. A high vacuum is essential to the operation of the system; thus it is

well suited for operation in space. Furthermore, it is almost unaffected by radi-

ation.

Due to its high resolution properties, this tape, or a modification of it

could find use in analog or digital data handling or processing systems.

For additional information see "Data Acquisition and Transmission,"

Electronics, 34 (November 17, 1961), p. 103; or "Electronic Space Camera

Under Development," Journal of the Franklin Institute, Z68 (December 1959),

pp. 5Z3-4.

TV editing The same division at RCA worked on the development of

system a computer system for cataloging pictures from the

Tiros satellite. In effect, the operator would specify

a certain date and time, and the proper picture was displayed on a screen.

From experience gained on this project, RCA was able to develop a system

for NBC to display, edit, and splice television pictures. The project was funded

in -hou s e.
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Hughes Aircraft Company

Fulle rton, California

Electrocular Hughes has recently developed a small, light weight,

head mounted, cathode ray tube display. The display(potential)

consists of a small cathode ray tube (one inch in diam-

eter), a single front surface mirror, an adjustable focusing lens, and a reflect-

ing eyepiece, all of which are housed in a special tubular enclosure. The entire

configuration weighs thirty ounces. The observer is presented with a monocular

virtual image of the display information, superimposed upon the ambient back-

ground. The device is called Electrocular (pronounced ee-lec-trock'-you-lar).

The company believes the device has application in five principal areas:

I. In space exploration, the device can be used to give an astronaut com-

puter data, instrument data, or other television data without necessitating undue

movement on his part. In many situations, the astronaut will be in a restricted

postural position or an environment (zero gravity or vibrational) which will limit

his ability to monitor data and instruments. This device will increase the amount

of information an astronaut is able to monitor at any one time.

2. The device has potential in the Army, Navy and Air Force. For exam-

ple, naval officers would not need to return to the fleet's display center to obtain

revised visual briefings during rapidly changing battle conditions. Pilots could

divide their attention between watching their instruments and viewing the airborne

traffic pattern ahead.

3. In commercial aviation, air safety could be enhanced by the application

of the device in aircraft being operated around congested airports.

4. In industry, assembly workers wearing Electrocular devices can re-

ceive instructions on wiring and installing components in complex systems,

eliminating blueprints or printed instructions. This device would also aid engi-

neers or assembly workers who must adjust equipment by consulting instruments

beyond their area of vision.

5. In medicine, the device could aid a surgeon by allowing him to instantly

detect any change in the patient's condition, e. g. , pulse rate.

The most significant missile/space contribution to Electrocular has been

creation of a market potential for the device, thereby encouraging its development

at this time.

Hughes has indicated that the display has been worn by operators for up to

three hours without discomfort, but considerable psychological testing will be

needed to determine operator efficiency in handling superimposed images. 16

According to Business Week, Hughes expected to start production by late

1962. Prices will range from $300 to $700, depending on the auxiliary equipment

purchased. Electrocular is one of a series of display devices developed by Hughes

under company sponsorship in its Systems Laboratory in Fullerton, California. 17
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Lear Siegler, Inc.
Electronic InstrumentationDivision
Anaheim, California

improved

video

systems

The Electronic Instrumentation Division of Lear Siegler,

Inc. produces an established line of commercial and

military equipment with emphasis on video systems

(closed circuit TV for surveillance). The company re-

ports that this equipment has been improved for requirements of NASA space and

DOD missile programs. Lear Siegler TV cameras of extremely rugged construc-

tion have been used by NASA and the Armed Services, as well as commercially.

For example, Lear Siegler produced the missile-borne TV system used by NASA

on "Project Big Shot, " and developed slow scan techniques which culminated in

the slow scan camera used aboard the Atlas Centaur test vehicle May 8, 196Z.

The company's closed circuit TV systems commercial applications include

schools, industrial plants, and hotels.

TelePrompTer Corporation

New York, New York

integrated

audio -visual

systems

TelePrompTer Corporation designs and installs audio-

visual systems for information display and presentation.

Major features of its system include: integration of

various audio-visual media including television, moving

pictures, slides, and tape; contiguous multiple screens for display of related

information; random selection of stored material; or automatic pre-program-

ruing.

The integrated system concept evolved from an assignment to provide audio-

visual support to the training program at Ordnance Guided Missile School in 1958.

Subsequently, TelePrompTer installed systems at the Air Force Command Post,

the Navy Space Orientation School, and at NASA installations in Washington, Cape

Canaveral, and the Manned Spacecraft Center at Houston.

Non-missile/space users of systems incorporating the principles developed

at OGMS include: University of Wisconsin, Chicago Teachers College, Rensselaer

Polytechnic Institute, American Airlines, Tennessee Gas Transmission Company,

and Humble Oil and Refining Company.

6. Miscellaneous

Examples of miscellaneous electronic components or systems which incorporate

missile/space contributions are:

Aerojet-General Corporation

Powe r/Equipment Division

Azusa, California

brushless Brushless alternators come in many forms; all are

alternator similar in that the "brush" common to most electric

motors and generators is eliminated. Advantages of
(potential)

brushless operation include: low maintenance, high

reliability, and absence of brush and commutator sparking, making it adaptable

to operation in an explosive environment.
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A brushless alternator was developed at Aerojet's Power/Equipment Divi-

sion because of a requirement for reliable rotating auxiliary power sources,

mainly in the missile/space field. The alternator was improved as a result of

projects in the following areas: space power systems, mobile ground nuclear

power plants, torpedoes, pilotless aircraft, and battle tanks. The physical lay-

out and electrical design features of Aerojet's alternator are considered propri-

etary. It can be said, however, that the only rotating part is a solid metallic

disk (field) which contains no winding. The field polarity is electromagnetically

induced through the use of stationary field coils.

Brushless alternators, although not of the same type as Aerojet's, are now

substituted for generators in some automobiles. The Power/Equipment Division

feels that improvements inbrushless alternators resulting from missile/space

work will very probably have commercial carry-over.

International Resistance Company

Burlington Division

Burlington, Iowa

International Resistance Company has developed several types of resistors

to meet various specifications of the missile/space program. It believes all may

have commercial potential.

MMF The first is a microminiaturized, precision, metal film

resistor (MMF). Production techniques for this re-(potential)
sistor are essentially the same as those used by Inter-

national Resistance Company for several years to produce its line of evaporated

metal film resistors. The unique characteristic of the MMF is its miniature

size, developed for missile/space requirements. (It is 0. 105 inch long by 0.045

inch diameter; power rating is i/Z0watt at IZ5°C; resistance range is 30 ohms

to 100K ohms; temperature coefficients available are 0 ±50 PPM/°C, 0 ± i00

PPM/°C, 0 ± IS0PPM/°C. I

Programs utilizing MMF include Nike-Zeus and Telstar. The company be-

lieves that MMF could be used to advantage in portable commercial or industrial

electronic equipment and computer s of all type s.

XLT Another major product is a series of highly reliable

(potential) resistors calledXLT Precision Film Resistors. Devel-

opment of this series of resistors was initiated for the

Minuteman program. It was undertaken after an analysis by the prime contractor

revealed that a two order of magnitude reliability improvement in resistors was

needed to meet Minuteman requirements. Requirements called for a resistor

with a failure rate below 0. 0004 percent per thousand hours, proved to a high

confidence level. Failure in this case is defined as change in resistance greater

than 0.5 percent. This objective has been achieved.

Manufacture of the XLT takes place in a precisely controlled environment.

A punched card issued with each resistor documents that resistor's performance

in each of many tests and measurements.

Programs other than Minuteman which have used or will use XLT resistors

include: Midas, Advent, Nimbus, OAO, and Mariner.
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International Resistance Company anticipates that XLT resistors, or the

techniques used in making XLT resistors, will find future non-missile/space

applications by providing uninterrupted resistor service in vital electronic systems

without resort to expensive redundancy or ultra-conservative derating of compo-

nents. The economic justification for the higher initial cost of these r_sistors

lies in the fact that through the use of such parts, the overall cost of the systems

is reduced.

Development of the MMF resistor was funded by the company. Development

of the XLT was funded by the Air Force through a subcontractor.

International Telephone and Telegraph Company

ITT Federal Laboratories

Nutley, New Jersey

electronic Conventional star trackers for space vehicles present

scanning several serious problems: 1) In a rotating device, con-

star ventional bearings cannot be used without allowance for

tracker lubricant evaporation. Z) Precise control of vehicle

attitude requires removal of the angular momentum

(potential) given to the vehicle by a rotating device, and thus the

expenditure of more energy. 3) Vibration generated by the scanning motor can

limit the angular resolution of the tracker.

These problems prompted development at ITT Federal Laboratories of an

electronic scanning star tracker, utilizing a special ITT multiplier phototube.

Potential commercial applications include celestial tracking in ship navigation

and utilization of the tracker's high electro-optical sensory accuracy in automa-

tion servo control systems, e.g., milling machines.

For additional information see William D. Atwell, "Star Tracker Uses

Electronic Scanning, " Electronics, 33 (September 30, 1960), pp. 88-91.

P. R. Mallory and Company, Inc.

Indianapoli s, Indiana

tantalum The concept of using tantalum (with its high dielectric

capacitor constant) for a high capacitance to volume capacitor was

postulated over 25 years ago by P. R. Mallory. Devel-

opment began after World War IIunder Air Force sponsorship and has continued

since, stimulated by Air Force funding and general governmental needs for small

capacitors to operate in a space or military environment. Tantalum capacitors

developed under this stimulus have been used in industrial communications equip-

ment.

A more specific example is a government supported program for development

of miniature, highly reliable, solid tantalum capacitors for missile/space use.

To date the program has not provided the quality capacitor required by the govern-

ment. It has provided a tantalum capacitor of sufficient quality to be adapted to

hearing aids of smaller size and lighter weight.
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SpragueElectric Company
NorthAdams,Massachusetts

capacitor One of the largest contributions of missile/space I< & D

reliability at Sprague has been in the area of reliability. Highly

reliable parts have been developed through Sprague

sponsored research as well as through cooperative programs with the Department

of Defense. In many instances the improved techniques and processes developed

for missile/space have been adapted to standard commercial production. For

example, the reliability of the Sprague 150D solid tantalum capacitor, applied in

a Z5-capacitor system, has been improved five-fold since January 1960. These

units are widely used in such everyday products as hearing aids, miniature tran-

sistor radios, aircraft control systems, guidance systems, and medical instru-

mentation.

McGraw-Edison Company

Bussmann Manufacturing Division

St. Louis, Missouri

fuses and Bussmann manufactures fuses and protective devices. In

protective most cases, its fuses or protective devices used in the

devices missile/space program are modifications of a commer-

cial product, manufactured to more rigid specifications

to give greater reliability. Production controls, which Bussmann has been forced

to adopt to meet these specifications, have made it possible for the division to

produce, at a reasonable cost, products which were considered laboratory oddities

prior to the missile/space program.

For example, the development of hermetically sealed fuses in subminiature

dimensions resulted directly from the missile/space program. These have found

use in protection of military and commercial computer circuits.

Phillips Control Company

Joliet, Illinois

miniature Phillips Control Company has been in the commercial

rotary and industrial relay business for 17 years. During this

relay time it has developed many commercial telephone and

power type relays. During 1961-6Z, the company in-

creased its efforts to meet military relay specifications calling for more rigid

electrical and environmental requirements. These efforts have resulted in a

two-pole, double-throw, miniature, rotary, electromagnetic relay, designed as

a rocket or space vehicle component as well as for use in ground support equip-

ment.

The relay's present non-space applications are limited mainly to the air-

craft industry and the miniaturized electronics field. The company believes

future uses will include the commercial and industrial control field.

The development of this product was funded by Phillips Control Company.
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Tung-SolElectric, Inc.
ChathamElectronics Division
Livingston,NewJersey

DC power A DC power supply (or converter) converts an AC input

supply to a regulated DC output. Chatham Electronics, relying

on its background in building aircraft power conversion

equipment, designed and built the central power converter for the Boeing Bomarc

B missile. Specifications for this converter, called the Z8VCP-C, were beyond

current state-of-the-art capabilities. Circuits had to be redesigned and the unit

transistorized to make a more compact, reliable power supply.

Chatham has taken the ideas developed in the Z8VCP-C program and designed

a new commercial power supply for laboratory use called the RZ43Z-100. This

device, designed for general use by aircraft, missile/space, and related elec-

tronics industries, has been sold for use in laboratories, production lines, and

ground maintenance equipment. (The commercial use to date includes only the

aircraft industry. The supply operates in the Z8 volt range, which is the operating

voltage of aircraft and missile systems.) Since development of the RZ43Z-100,

other power supplies have been designed using Z8VCP-C principles. Several have

found commercial use.

Funding for the 28VCP-C came from Boeing and Chatham. Commercial de-

velopment of the RZ432- i00 and related items will continue to be funded by Chatham.

Specifications of the RZ43Z-100 are as follows: AC input--Z00-Z40 volts at

58-6Z cps; DC output--Z4-3Z volts at 0-100 amperes. Chatham lists the major

advantages of the RZ43Z-100 as: l) weight less than half as much as similar

products, Z) one-quarter the size, and 3) more economical.

Lockheed Electronics Company

Plainfield, New Jersey

recorders Lockheed Electronics was awarded a NASA contract to

develop and standardize a modularized tape transport

for satellite use. Partially as a result of background knowledge gained, Lockheed

is developing a line of commercial recorders. Anticipated customers include the

automotive industry for strain gage recording, the geophysicists for seismic re-

cording, and laboratories in general for use with test equipment. These recorders

have recently been placed on the commercial market and a few units have been

sold.

Allied Research Associates, Inc.

Boston, Massachusetts

Bartlett/ A colorimeter has recently been developed by Allied

Green Research Associates which automatically sorts cigars

cigar for uniformity of color. The development of this

sorting specialized device was an industry-funded project. How-

machine ever, its development and marketing at this time were

made possible largely through knowledge of solid state

physics and printed circuitry gained through participation in missile/space

programs.
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Oneof thesedevicesis nowinuse, andadditionalunitsare beingoffered
at a price of approximately$i00,000. Thecompanywill tailor eachdeviceto
suit customers'specifications.A similar devicestill in developmentis being
adaptedto monitorthecolor of clothas it is beingdyed. Themachineis named
after its developersat Allied Research.



96

(5. CONTROL SYSTEMS

i. Gyroscopes and Inertial Guidance

Inertial guidance is the process of navigating a vehicle with reference to a partic-

ular starting point by accurately measuring changes in velocity (accelerations) and time,

then transforming these changes to a three coordinate system to determine the position

traveled from that starting point. The essential parts of an inertial guidance system are:

gyroscopes (gyros), accelerometers, and a computer. The gyros function to establish a

set of three dimensional coordinates, fixed in space, independent of rotational motions of

the earth or the vehicle. Any change in angular position (rotation of the gyro system) is

sensed by the gyros, and servomechanisms are used to restore the system to its original

position. In other words, any torque, however small, which acts to change the position

of the gyro system is detected. A counterbalancing torque is then applied by the servo-

mechanisms.

The accelerometers, then, aligned in space by the gyros, detect any change in

linear velocity of the vehicle. Changes in motion or acceleration are detected in all three

directions of the particular three dimensional coordinate system chosen. These data are

twice integrated with respect to time to get net distance traveled in all three directions--

the position of the vehicle with respect to its starting point. This information, plus a

knowledge of distance and direction to the destination, is all that is needed for precise

navigation.

The computer system takes the data from the other inertial instruments as input,

makes computations, and supplies the necessary output to correct errors in the flight

path of the vehicle. (Computers in general are discussed in Part Z of this section.)

Performance specifications for the guidance system depend on the length of time

the system must rely on purely inertial reference and on the dynamic range over which

acceleration must be measured. Therefore, a missile system is not directly comparable

to a shipborne system, for the missile system is subject to a far greater range of accel-

eration and must be in operation for a much shorter time than the shipborne system.

However, whether the system be designed for a missile, aircraft, or submarine, the

accuracy requirements on both accelerometer and gyro are extreme.

The gyroscope is an instrument comprised of a high speed rotor supported by a

sytem of gimbals. A device of this general nature was first used in 185Zby L. Foucalt,

a French physicist, to demonstrate the rotation of the earth. The device remained a

laboratory curiosity until late in the 19th Century when G. M. Hopkins introduced the

first electrically driven rotor. Dr. E. A. Sperry became interested at the beginning of

the Z0thCentury and continued developmental work. In 1908, Max Schuler of the Anshutz

firm of Germany developed the first practical marine gyrocompass (see improved gyro-

compass examples following this introduction), refined by Dr. Sperry and in wide use

today on large ships. Sperry also developed a family of gyroscopic instruments for air-

craft use. During World War II, gyroscopes were used in the stabilization of naval guns,
l

greatly increasing their accuracy.

However, the demands of the space era, beginning with the use of basic guidance

principles in the German V-Z rockets, have led to the rapid evolution of inertial guidance

and to several order of magnitude improvements in gyros and other components compris-

ing an inertial guidance system. In the United States in 1945, Dr. C. S. Draper and

colleagues at the M. I. T. Instrumentation Laboratories began investigating basic problems
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involvedin designof accurateandstableinertial guidancesystems. Mostof theprinci-
plesemployedin today'sinertial guidancesystemswerebeingusedin themid-1950's.
In 1953,for instance,thefirst inertially guidedcoast-to-coastairplaneflightwasmade
underthedirectionof Draperandhis group. Othergroupsworkingconcurrentlyonthe
problemincludedtheAutoneticsDivisionof NorthAmericanAviation(seeNorthAmeri-
canAviationstatementimmediatelyfollowingthis introduction)andtheArmy BallisticIMissile Agency.

Manyproblemshadto beovercomebeforemissile inertial guidancecouldbecome
a reality. Oneof themost importantrelatesto aphenomenonassociatedwith gyros
called "precessing." A rotor withhighangularmomentum,asthatusedin a gyro, re-
actsto anytorqueactingontherotor axisbyprecessing,or turningaboutanaxis per-
pendicularto boththe rotor axisandtheaxisof theappliedtorque. This phenomenonis
oneof themostusefulcharacteristicsof a gyro, butalso thesourceof manyof its in-
accuracies.

Unwantedsourcesof torquewhichwill causethe gyroto precessinclude: friction-
al drag imposedbythe systemusedto conductpowerto the rotor; frictional dragof the
gimbalsupportbearings;andtorqueimposedby thealtitude sensingsystem.

At theendof WorldWarII, the inaccuracycausedbyundesirableprecessionwas
enoughto result in anerror in ICBMmissile guidanceof 1,000miles or moreat thetar-
get. In contrast, for manyapplicationsa missof onemile at thetarget maybe takenas

z
the acceptable limit of uncertainty. Therefore, gyro errors had to be reduced by sev-

eral orders of magnitude. To illustrate acceptable error, undesirable torque had to be

reduced to 73 thousandths of a dyne centimeter. Furthermore, the deviation of the center

of mass of the gyro from the gyro axis could not average more than one ten millionth of

an inch--a distance less than about 15 crystal lattices of materials commonly used to

construct the gyro unit. Adding these constraints to the requirment that gyros operate

under shock and vibration, makes the progress in recent gyro development seem impos-

sible. However, acceptable drift rate--that rate which would cause an uncertainty of

about one mile at the target--is about 1/60 of a degree per hour. Z Random drift rates of

I/Z00 of a degree per hour or lower are now being maintained with some of the better

gyros.

A great advantage of inertial guidance for military systems is its independence

from ground radio. Entirely self-contained, it is not subject to radio interference (jam-

ming), nuclear radiation, or weather disturbance.

In the past decade, a science of inertialguidancehas emerged and working systems

have been engineered due primarily to the impetus of the missile/space effort. In turn,

there have been these non-missile/space effects: I) Inertial guidance systems have

been made technically and economically feasible for many types of military aircraft and

marine vehicles. Application of inertial guidance on future commercial supersonic air-

craft is anticipated. Z) The components of inertial guidance systems have been vastly

improved and are available for other uses. The most significant example is the gyro

which is being used in improved gyrocompasses. The search for improved bearings has

led to new types of gyros. For example, rotors are being supported on gas bearings. 3

The Sperry Gyroscope Company of Sperry Rand has developed a fluid gyro which uses a

spinning fluid rather than a spinning rotor. Techniques such as electromagnetic or

electrostatic supports and the use of spinning atomic particles or vibrating crystal lat-

tices are also being studied. 3) In striving for increased accuracy, the need for highly

stable engineering materials has accelerated basic research in metallurgy to investigate
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andreducecreepphenomenaandthermalgradienteffects, in whichchangesin thecrystal
structureof a metalcancausetroublesomeshifts in the delicate balance of gyro rotors

and support members. Z. R. Gohre comments that the strides in accelerometer develop-

ment are not due to new concepts of accelerometer principles but result from basic re-

search in chemistry and metallurgy which provides better alloys, fluids, potting com-

pounds, dielectric materials, and bearing steels. 4 Certainly, some of the fruits of this

re search will have application outside the missile/space field.

Examples of missile/space contributions to developments in this field follow.

General Precision, Inc.

Tarrytown, New York

inertial

guidance

(potential)

Research performed by General Precision, Inc. in the

field of guidance, prompted largely by the missile/space

effort, has led to significant improvements in both gyros

and inertial guidance systems. In addition to research

leading to improvements in mechanical gyros, the firm is doing considerable re-

search on bearingless gyros such as: the spinning atom, phase relationships in a

laser, and on spinning objects suspended in a vacuum by the field from a super-

conducting magnet.

Most commercial aircraft use gyros which the company believes should

benefit from improvements in this field. Most supersonic aircraft, military and

proposed commercial, use inertial guidance systems and should also benefit from

this research.

Litton Indu strie s

Guidance and Control Systems Division

Woodland Hills, California

inertial The accuracy of inertial guidance systems has greatly

guidance increased recently while weight and volume have drasti-

cally reduced. For example, an inertial guidance system

(potential) developed in 1956 for the Atlas ICBM weighed more than

1,000 pounds. A system performing the same functions with superior accuracy

and weighing less than 30 pounds is now in advanced development at Litton.

The principal use of most Litton inertial guidance systems is on fighter air-

craft of the U. S. Navy and various NATO countries. The inertial navigation

system enables a fighter to accurately locate targets under any conditions of

weather, during electronic interference or nuclear disturbance, and to fly a

precise path back to its home base. Litton expects to see increasing use of in-

ertial guidance on supersonic aircraft, both military and proposed commercial.

Missile/space transfer to Litton has been in the form of utilization of the

same basic principles of missile systems, not in the form of spill-over of specific

de vice s.
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SperryGyroscopeCompany
Divisionof SperryRand
GreatNeck, LongIsland, NewYork

inertial Techniqueslearnedin buildinginertial platforms, accel-
guidance erometers, and gyros will definitely have commercial

transfer in the opinion of Sperry Gyroscope. Inertial
(potential)

guidance work of the company has been funded primarily

by the Air Force, but Sperry has also received some Navy and NASA funds to

supplement developments undertaken with its own funds.

Inertial platforms have several commercial advantages: l) They require

no ground radio net, which results in substantial system cost savings. Z) They

are more automatic than the aircraft guidance systems in use today. 3) Being

automatic, their reaction time is faster than systems in use today. 4) They are

a necessity in polar or supersonic flight. Furthermore, due to missile/space

R & D, inertial platforms are becoming price competitive. Inertial guidance owes

most of its accelerated development to missile/space programs.

North American Aviation, Inc.

Autonetic s Division

Downey, California

The development of "Navan" gyros was started seventeen years ago by

North American's Autonetics Division for use in the guidance system of the

Navaho missile. These same gyros were later used in the inertial guidance

systems of the Navy's atomic submarines. (The recent subpolar explorations

used these inertial systems. It is interesting to note that atomic submarines

employ three separate inertial guidance systems; each serves as a check on the

accuracy of the others.)

gyrocompass Using the same type gyros, Autonetics has developed

ABLE (Autonetics Baseline Equipment). ABLE is a pre-

cision gyrocompass, accurate to less than 30 seconds of arc, which finds true

north by sensing the earth's rotation. Aut0netics has also developed a miniatur-

ized version of ABLE called Ik4ABLE, accurate to within 60 seconds of arc. This

system goes into the field on a one-man backpack, complete with its own power

supply. Both of these systems are presently used primarily for military purposes

(orientation of missile launchers, artillery, and mobile radar) but use is antici-

pated in general surveying applications.

Astro-Space Laboratories, Inc.

Huntsville, Alabama

spinning

sphere

gyrocompass

A new type of gyrocompass was developed by Astro-

Space, called the "Spinning Sphere Gyrocompass. "

A solid sphere is supported by a gas bearing and rotates
(potential)

with its housing. Acting as a space-fixed gyro, the

sphere tilts to the west relative to the earth. The drag torque caused by the vis-

cosity of the supporting gas restricts the tilt angle of the sphere to a fixed value.

A mirror on the sphere allows the readout of the tilt direction. The instrument

has a very short readiness time and is insensitive to vibration and linear accel-

eration.
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The development of this gyro was based on knowledge of gas bearing and

gyro technology accumulated over several years by Astro-Space Laboratories.

It was funded by the company but the missile/space programs, providing the

largest market for this instrument, supplied much of the impetus for its original

development.

This gyrocompass is also designed for use as a portable surveying instru-

ment. It is expected that when large scale production of the instrument is started,

commercial customers such as oil companies will find use for it.

Department of the Navy

Office of Naval Research

Washington, D. C.

gyrocompass The ADVENT/SYNCOM space programs created a re-

quirement for a more accurate gyrocompass for their

tracking systems. The resulting gyrocompass has present and potential ship-

board use in navigation. Development, funded by the Department of Defense, was

the result of combined efforts of the Bureau of Ships and Sperry Gyroscope Com-

pany.

International Telephone & Telegraph Company

Federal Labo ratorie s

Nutley, New Jersey

gas

bearing

gyro

The gas bearing supports a shaft by a gaseous fluid film

rather than a viscous fluid or solid bearing. The result

is an almost frictionless bearing.

{potential)
Development of a gas bearing gyro at ITT was sponsored

by Jet Propulsion Laboratories for use as part of a space vehicle guidance and

navigation system. Potential non-space application is in aircraft inertial guidance

systems, where gyro precision is critical. It may also find application in surface

navigation where small, light weight, high accuracy, self contained systems are

required.

Genisco, Inc.

Los Angeles, California

rate of

turn

tables

Rate of turn tables are necessary to check the angular

accuracy of a gyro under conditions simulating the motion

of a missile frame about the axis of the gyro. The

angular accuracy and rate of motion of this type of test

device must be more accurate than the gyro itself if the test is to be meaningful.

Genisco developed a line of this type of equipment for use in testing and calibrat-

ing stable platform gyros for missiles, and gyros for autopilots. These units

have been widely adopted by airlines for maintenance and calibration of their

gyro equipment. Development was funded by the company.

Z. Electronic Computer Systems

The contribution of the missile/space effort to the field of computers and auto-

mation seems to be primarily in the areas of miniaturization, reliability, input-output

techniques and, to a lesser extent, some aspects of computational speed. In addition,
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various missile/space oriented governmental agencies and companies have provided a

market for sophisticated special purpose or scientific computer systems.

Isolating the total missile/space technology transfer to this field is an impossible

task for several reasons. First, the field is so broad that to describe it in detail would

require volumes. Second, computer applications are so widespread that there have been

myriad other stimuli, outside the missile/space program, to the rapid growth of the in-

dustry. Finally, although many persons interviewed in connection with this study were

certain there had been and would be some positive missile/space contribution, they could

name only a few specific contributions close to their own sphere of knowledge when pressed

for detail--again due to the broadness of the field.

No attempt then to define the missile/space contribution in detail will be made.

Rather, the whole computer discipline will be put in historical perspective, current

trends discussed, and an analysis made of the probable contribution of the missile/space

effort, based on literature in the field and opinions of persons interviewed in the course

of this study.

It appears obvious from a historical analysis that governmental requirements,

particularly defense, provided a prime impetus to initial advances in computing equip-

ment. It has been contended that defense requirements financed and directed most com-

puter developrnent, s Even so, it would be rather artificial, and perhaps impossible, to

say which part of the total defense contribution to computers can be attributed to the

missile/space effort.

The electronic computer is a recent development, the first serious thought being

given to its construction in the 1940's. Computer history, however, began with a machine

built by Pascal in 164Z which would add and subtract. Leibnitz, in 1694, extended the

capabilities of this machine to multiplication and division. Charles Babbage, in 18ZZ, de-

signed the first semiautomatic machine which would calculate functions; he called it the

"difference engine. " Work was never completed, though, because government financing

ran out. Babbage, a man of insight, was the first to suggest the use of punched cards

(then being used to program woven designs inthe Jacquardloom} to feed data to computers.

He also predicted that computers eventually would be able to choose between alternatives.

Hollerith, in 1889, applied punched cards to the American census in a machine for data

sorting. 6

In 1937, HowardAiken of Harvard University began work on the design of an

"automatic sequence controlled calculator," or Mark I, which was built by IBM, com-

pleted in 1944, and donated to Harvard. This machine was significant in that it had a

memory that could store numbers. From 1937 on, progress came rapidly. In 1938,

Bell Telephone Laboratories pioneered work on computing machines using electromag-

netic relays for arithmetic operations. Computing requirements of World War II

prompted the development of two large scale computers by Bell Labs under U. S. Army

sponsorship. Both were completed in 1946, and both were electromagnetic relay

machines. One was located at the Army's Aberdeen Proving Grounds; the other was

located at the Laboratories of the National Advisory Committee for Aeronautics at

Langley Field, Virginia. 7

Also under U. S. Army sponsorship, the first electronic digital computer, IENIAC

(Electronic Numerical Integrator and Calculator), was completed at the University of

Pennsylvania in 1946. Vacuum tube circuits performed all computer operations except

input-output. Instructions were set up through a process of switch setting and wire
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plugging. ENIAC was installed in 1947 at the Ballistic Research Laboratories, Aberdeen,

Maryland. 7

Howard Aiken, designer of the Mark I, produced a similar machine in 1948,

MarkII. It was installed at the Dahlgren Proving Ground of the U. S. Navy. 7

Proposals of J. von Neumann led to the construction of EDVAC, a machine which

depended on acoustic delay in mercury for storage. EDVAC, designed in years 1944-

1946, was not completed until 1952 at the University of Pennsylvania. Meanwhile, in

England, M. V. Wilkes built a machine called EDSAC, patterned after EDVAC. This

machine was the first to contain both instructions and numbers in storage {in other words,

the first stored program computer). It was used at Cambridge University. 6

Raytheon completed a machine called RAYDAC in 1953, also based on the EDVAC.

RAYDAC was installed at the U. S. Navy's Missile Test Center. Mauchly and Eckert,

who had participated in the design of EDVAC, had formed their own company in the mean-

time; this company was later bought by Sperry Rand, leading to production in 1951 of

UNIVAC I. While waiting for completion of UNIVAC and EDVAC, the Air Force con-

tracted with the National Bureau of Standards to produce an "interim" computer. This

computer, similar to EDVAC, was much simpler in design. It was completed in 1950

and became the prototype for: FLAC, installed at the Air Force Missile Test Center at

Cocoa, Florida; DYSEAC, installed for the Army Signal Corps; and MIDAC, installed

for the University of Michigan. All these machines were descended from EDVAC and

based on the acoustic delay principle. ?

Howard Aiken at Harvard completed the Mark Ill in 1950--the first magnetic drum

computer. It was built for the Navy and installed at Dahlgren Proving Grounds. OARAC,

similar in design to Mark III, was built by General Electric and installed at Wright-

Patterson Air Force Base in 1953. Engineering Research Associates of St. Paul, Minne-

sota, also developed a line of magnetic drum computers, but these were not related to the

MarklII. This company later became a division of Sperry Rand, and its machine became

an early model of the UNIVAC Scientific.

Magnetic drum storage is now used exclusively only by smaller computers, al-

though it is sometimes used as auxiliary storage by larger machines. Its advantage is

that it is comparatively inexpensive. IBM's 650 and Burroughs' Datatron both have

magnetic drum storage. 7

Both acoustic delay memories and magnetic drum memories suffer from long

access time. F. C. Williams at the University of Manchester developed a fast random

access memory system using a cathode ray tube, the Williams Tube Memory. J. von

Neumann adopted the Williams Tube for the Institute of Advanced Study's computer at

Princeton. The University of Illinois built both the ORDVAC, installed at Aberdeen

Proving Grounds, and the ILLIAC, which stayed at the University of Illinois, on the

Williams Tube principle. MANIAC I at Los Alamos, ORACLE at Oak Ridge, Tennessee,

and AVIDAC at Argonne Laboratories, University of Chicago, were also based on the

Williams Tube principle. All these systems were completed about the same time, 195Z-

1953. IBM's 701 and 70Z use both Williams Tube and magnetic drum. 7

M.I.T., storing data on cathode ray tubes, constructed Whirlwind I, completed

in 1950. Dissatisfaction with this type memory led the group at M. 1. T. to look for a

substitute. The search resulted in the invention of magnetic core storage. Magnetic

core storage was immediately incorporated into Whirlwind I and was so successful that
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electrostatic and acoustic delay computers were virtually abandoned. M.I.T. subse-

quently built a series of core memory computers for the military. IBM discontinued its

701 and 70Z and brought out the 704 and 705, both with core memories. Sperry Rand

substituted a series of core machines, called UNIVAC If, for its UNIVAC 1.7

Another advance in the early 1950's worth noting was the development of magnetic

tapes, both as storage and input devices. 8 This development decreased input time 50 to

75 times. In 1956, multiple magnetic disc memories were developed, the RAMAC file of

IBM being a good example. Disc storage provided random access to 5,000,000 characters

of information. 5

Since the mid-1950's, developments in computers have come so fast that it is

beyond the scope of this study to document them; rather, current trends will be identified.

Starting about 1955, diodes were used in selected parts of a computer, and by 1957

several small transistorized computers had been built. Today, transistor (solid state)

systems are being built almost exclusively. Smaller and more reliable solid state devices

are permitting designs that would never have been economically feasible with vacuum

tube s. 9

At the apex of computer systems in 1959 was SAGE, designed for Continental Air

Defense. Working with tremendous reliability, this system processes streams of raw

radar data, makes computations, and presents visual displays of air space occupation to

Air Force personnel. 9 At present, IBM's STRETCH and Sperry Rand's LARC are among

the more sophisticated machines. STRETCH has 16, 000 words of storage, a one micro-

second access time, and a two microsecond addition time. It can read 6Z, 000 characters

per second and perform read-write-compute operations simultaneously. It can also inter-

rupt operations to handle problems of higher priority. LARC has a i0,000 word core

storage, with a two microsecond access time. It adds in four microseconds and can read

at the phenomenal speed of 200,000 numerical characters per second. Both STRETCH

and LARC were developed for the Atomic Energy Commission, and both are now available

commercially. 9

Large systems entering the commercial market today are, for the most part,

transistorized and use core storage. Great speed, ability to optimize speed by looking

ahead a few steps in the program, sophisticated error detection and correction, ability

to flexibly modify instructions, simultaneous read-write-compute capabilities, and other

assets of STRETCH and LARC are built into these computers. Examples are IBM's 7090

and 7080, Remington Rand's UNIVAC III, Bendix's G-Z0, Honeywell's 800, and Control

Data's 1604.9 In memory systems, core memories are used for quick random access,

and magnetic drums, magnetic tape, and magnetic discs are used for storing bulk data.

Being investigated are: l) thin magnetic films which possess a preferential access of

magnetization; Z) cryotrons in which a current in a superconductive material is con-

trolled by a magnetic field induced in an adjacent conductor; and 3) tunnel diodes. All

three are potentially useful for memory systems because all can be made in miniature

arrays and all have extremely fast switching times. 9

The bottleneck in computing systems is the relative slowness of input-output equip-

ment. Many of the systems designed today can compute while input or output is taking

place. Thus most input-output equipment is off line, so that data on cards can be trans-

ferred to magnetic tapes, or data on tape can be printed, without disturbing the main

computer. Extremely fast printing equipment has been built in the last few years because

of this problem.
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Systems have recently been developed for data communications--transmission of

data from outlying spots directly to the central computer. For example, RCA has an-

nounced a technique developed originally for the Minuteman ICBM which can transmit

50, 000 characters per second over a conventional two-wire direct cable circuit, q

As mentioned earlier, the main input-output missile/space contributions to com-

puter systems are in miniaturization, reliability, input-output techniques, and read-

write-compute speed. There are several reasons for this.

Naturally, the transition from vacuum tube circuits to semiconductor circuits was

an important step toward miniaturization. Not only are transistors smaller than tubes,

but they lend themselves to printed circuit and modularized assembly. Coming into the

picture now, the way transistors did several years ago, is the microelectronic circuit.

Microelectronic circuitry is discussed in detail in Section B-I of this chapter. Micro-

electronic circuits eliminate ninety percent of the bulk, most of the wiring, and ninety
I0

percent of the solder connections of conventional circuits.

Initial use of microelectronic circuitry will be almost entirely on spacecraft and

missile computers. However, once the initial cost and developmental barrier is sur-

mounted, it is quite probable that microelectronic circuitry will penetrate the commercial

computer field, as was the case with semiconductors. The missile/space effort is forc-

ing the accelerated development of microelectronic circuitry for computers.

Miniaturization has several advantages for computer designers besides space

saving per se. First, with miniaturization comes reliability. Because microelectronic

circuits eliminate much of the wiring and nnost soldered connections of conventional cir-

cuits, they eliminate much of the unreliability inherent in standard electronic circuitry.

As systems grow larger, the need for reliability increases. Second, n_icroelectronic

circuitry may eventually cut production costs of electronic circuits. Microelectronic

circuitry lends itself to mass production techniques. Fairchild Semiconductor usually

adds this footnote to its price reduction announcements for micrologie integrated circuit

elements: "Our objective is the price of a single silicon transistor. ,,I0 Finally, mini-

aturization means faster computers. Although the theoretical travel time of an electro-

magnetic impulse in a wire is one nanosecond (billionth of a second) per foot, the effective

travel time is i. 7 nanoseconds per foot. Decision elements operating in the Z. 5 nano-

second range have been proved feasible; thus the length of time it takes an electrical

impulse to travel one foot is in the same order of magnitude as the time it takes a switch-

ing element to operate. Therefore it is logical to conclude that miniaturization will lend

speed to computers. 5

In summary, miniaturized computer components are a must for missiles or space-

craft and will be pushed for that reason. However, there are advantages other than space

saving, and thus the non-space interest. It would be inaccurate to state that miniaturiz-

ation is a "by-product" of the space effort; however, the state-of-the-art is advancing

more rapidly because of missile/space requirements.

Reliability is of prime importance in all systems-oriented computers, e. g. ,

rocket guidance, air defense, manned spacecraft, or process control computers. 9 Many

computers can stall on the detection of an error; a systems oriented computer cannot.

Reliability on the ground may be achieved through duplication; for example the BINAC,

built in 1948, was duplicated throughout, and later systems have been as much as 30 to

35 percent duplicated. But duplication causes a weight problem in rocket guidance or

manned spacecraft, and on the ground it is expensive. Advances made in forced
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reliability with a minimumof redundancyfor rocketor spacecraftshould,therefore, be
of greatbenefitto processcontrolwherereliability is equallyimportantbutduplication
costly.

Input-outputtechniquesand,to someextent,certainaspectsof machinetime
shouldalsobenefitfrom missile/spacetechnology,especiallyin theareaof process
control. For example,a systemsuchasNike-Zeusmustdetectanenemymissile,
computeits trajectory, and"lock on"with its ownmissile--thus theneedfor speed. In
additionto speedof computation,however,theremustbeawayof convertingtracking
datato a form that canbeusedby a computerandaway to convertcomputeroutputto a
form thatwill positionthemissile. This is onlyoneexamplein themissile/spacefield.
Thereare manyothersimilar situationsin guidanceandtrackingof anymissile, rocket,
or satellitewheredatamustbeconvertedandreconvertedautomatically. Suchmissile
systemsare quiteanalogousto industrialprocesscontrolequipmentwherephysicaldata
(suchastemperature)mustbeconvertedto a form that can be monitored by the computer.

For example, the California Research Corporation, a subsidiary of Standard Oil

of California, has helped develop systems which rapidly scan appreciable amounts of

data, convert the data to digital form, process the data in a digital computer, and make

automatic adjustments. These systems are used in petroleum or petrochemical refining.

California Research buys most of its data acquisition and processing equipment from

others, but staff members are of the opinion that the missile/space effort has contributed
II

substantially to the development and availability of this type of equipment.

Of course, in guidance or process control, analog computers can be used to make

the computations without conversion of data to digital form. E. Z. Harder notes a full

order of magnitude in improvement in the accuracy of analog computers in recent years s

(probably with much impetus from missile guidance). However, for many uses, analog

computation is still too inaccuratc.

Examples of data processing systems and components which have benefited by the

impetus of the missile/space program follow.

North American Aviation, Inc.

Autonetic s Division

Downey, California

RECOMP(R)

compute r

series

A recent brochure describing the Autonetics Division

of North American Aviation contains the following para-

graphs in its introduction:

"With the actuality of space and missile hardware have come unprecedented

requirements for precision and reliability. Multi-million-dollar ICBM's and

spacecraft are not expendable. Such products must be sure of performing

missions precisely and reliably--as nearly every time as it is possible to attain

through the most carefully planned and most skillfully executed design, production,

and test efforts.

"To assure present day and planned mission success--that can be counted

on with the requisite of almost i00 percent reliability--new methods of micro-

tolerance manufacture have had to be developed, as well as new techniques for

precise prediction of reliability . . .
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"Many of Autonetics' activities have been and are directed toward a partic-

ular Department of Defense requirement for inertial navigation systems and in-

struments, computers, data handling systems, armament systems, and flight

control systems. However, the great fund of engineering knowledge and manu-

facturing techniques developed in these areas through the years has made possible

similar advances in the industrial products field, and Autonetics now shares a

substantial percentage of scientific computer and computer peripheral equipment

market. Other specialized products, utilizing the unique skills developed by

Autonetics, are now in developn_ent and soon will be serving additional industries

in defense programs here and abroad . . ."

One of the product lines of the Industrial Electronics Division, Autonetics,

is the RECOMP computer series--desk-size, all-transistorized, general purpose

digital computers.

The RECOMP series of computers utilizes a transfer of space technology in

this sense: computer techniques developed for Department of Defense missile

computers were incorporated into the RECOMP series. It is unfortunate that the

missile connection cannot be made more specific, but the commercial computer

series is not a simple adaption of a military computer; therefore the contribution

is primarily a carry-over of know-how. RECOMP computers are used mainly

for scientific computation and industrial control. Firms and institutions using the

RECOMP include: petroleum firms, electronics manufacturers, producers of

optical equipment, scientific reasearch institutions, and many governmental

agencies.

automatic Autonetics' Computers and Data Systems Division is

checkout equipped through participation in the GAM 77 Hound Dog,

equipment A3J Vigilante, and Minuteman programs to provide

(potential) engineering and production assistance on automatic

checkout equipment, equipment which checks the

missile electronics system before firing.

ACE (Automatic Checkout Equipment for the Atlas missile) and BASE

(Basic Automatic Checkout Equipment now in production for the Minuteman) are

card or tape programmed computer-like machines which check the missile's

electronic circuitry before firing. Through building this equipment, Autonetics

has acquired technology that will facilitate the design of automatic checkout equip-

ment for any electronic system. The NIFTE (Neon Indicating Functional Test

Equipment) and the NAVAPI (North American Voltage and Phase Indicator) are

examples of present technological transfer. The NIFTE will perform high speed

continuity checks of wiring in telephone centrals, computers, and other complex

electronic equipment. The NAVAPI will test and check out networks, gyros,

transformers, and other components with high accuracy.

Autonetics has no commercial application of the NIFTE or NAVAPI as yet,

but believes that it will find such application in the future. More important,

Autonetics feels that knowledge developed with respect to automatic checkout

devices will have widespread future application in testing more complex industrial

electronic gear.
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Sperry Rand Corporation

Remington Rand Univac Division

New York, N. Y.

Univac, as a supplier of electronic data systems, has supported United

States missile/space programs for many years. Initially at Univac commercial

computers were used for this activity. Later, government support combined

with company investment to materially advance the state-of-the-art in computer

technology. As a result, data systems with guaranteed reliability over a broad

range of speed and capability are available. In addition, new packaging and

component technology permits miniaP_rized design applicable to virtually all

automation and control problems.

Since 1950 and the completion of UNIVAC I, Remington Rand has been in-

volved in research directed toward advanced electronic systems for data process-

ing and control. The transistor was invented in 1948 and transistors became

available in limited substantial quantities in 1950-1953. Some studies were made

during that period to determine the possibility of using transistors to replace

electron tubes in computers. Although it was immediately apparent that the

transistor was a capable switching and amplifying device, nearly a decade of

engineering development was required after 1948 for the general production of

transistorized electronic computers. The principal improvements resulting from

this effort were: the reduction in size and power consumption of the transistorized

equipment over that using electron tubes, and greatly enhanced reliability as in,

for example, the UNIVAC Athena computer for missile guidance. The widespread

use of printed circuits with semiconductor devices has made possible a certain

degree of automation in computer fabrication. Further development of this

technique is destined to play an important role in construction of future machines.

thin One of the most promising research and development

magnetic programs Univac has pursued is investigation of prop-

film and erties of thin magnetic films and techniques for using

Microtronic arrays of elements comprised of such films. Together

circuit with associated printed and electronic circuits, thin

computers magnetic films provide both the function of memory and

(potential) logic in data processing equipment. A recent develop-

ment from this program is a thin film memory which

meets many of the most-stringent environmental requirements for aerospace

application.

Recognizing the importance of reliability in spaceborne, as well as com-

mercial, computers, Univac has had a reliability program in effect since 1955.

Problem areas which have been researched include: I) probability of failure,

and approaches to the problem of reducing this probability; Z) consequences of

failure; 3) means of identifying the cause of failure; and 4) systematic approaches

to obtaining timely and effective corrective action.

Historically, a primary purpose of a missile-borne computer is the solution

of inertial guidance problems through the processing of data from an inertial

system. As missile systems have evolved, other functions have been assigned

the essential guidance computer, including engine control, stellar tracking,

system checkout and testing, and telemetry serializing. The Univac Aerospace

Digital Development (ADD) was designed by Univac to meet the increasing demand
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on vehicle-borne computational equipment without a corresponding increase in

weight. The small integrated package design of ADD is achieved through a com-

bination of magnetic film memories, solid state electronic elements, and welded

circuitry.

Univac introduced its Microtronic computer in early 1963, a unit constructed

largely of microelectronic semiconductor circuits. One model of Microtronic

weighs less than 17 pounds and has a memory of 4, 600 words, which can be ex-

panded to 14,000 words if necessary. The development of Microtronic products

has been largely a result of the increasing requirements for small, well inte-

grated, high speed, highly reliable computers for use in space vehicles.

Univac feels that magnetic film memories and Microtronic techniques of

making microelectronic circuitry may find future application in Univac's com-

mercial computers due to speed, reliability, and the fact that microelectronic

circuitry lends itself to mass production techniques.

Thin film memories have been in development for about fifteen years.

Their first successful application was as a small auxiliary memory in the TX-Z
IZ

computer of M.I.T. 's Lincoln Laboratory in 1959. Many companies are now

developing or producing thin film memories which are currently finding appli-

cation in aerospace computers. At present thin film memories are approximately
13

ten times more expensive than the conventional magnetic core.

General Precision, Inc.

Tarrytown, New York

computer

technology

accelerated

The Librascope Division of General Precision's Infor-

mation Systems Group builds a line of commercial

computers and many airborne, missile, and space

computers. It has been the company's experience that

commercial digital computer technology has been accelerated by the missile/

space effort. Missile/space demands on computer design include small size,

light weight, high reliability, and low power consumption. Improvements in

power consumption, re}lability, or size have been and will continue to be

factored into commercial design.

For example, partially because of power limitations in space, computers

have been designed to operate in terms of milliwatts rather than watts. Cutting

the power requirement by a factor of I, 000 means the end of bulky air condition-

ing systems used by older commercial systems. As another example, reliability

in commercial computer systems has been achieved in the past by redundancy.

Naturally, redundancy would cause a weight problem with missile/space com-

puters and it makes commercial systems expensive. Newly developed means of

achieving reliability without redundancy will therefore have commercial appli-

cation.
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Minneapolis-Honeywell Regulator Company

Aeronautical Division

Minneapolis, Minnesota

self- In the Spring of 1941, a group of Honeywell engineers

adaptive visited Wright Field with one of the company's first

autopilot military products, an electronically controlled aircraft

camera mount which would keep the camera steadily

pointed downward during flight. There they learned of the need for a flight

control system similar to the camera mount. The Norden bombsight was not as

accurate as desired because pilots, being human, were unable to maintain the

exact air speed, altitude, and course heading needed for optimum bombing ac-

curacy. Minneapolis-Honeywell's engineers approached the problem by dupli-

cating a pilot's motions in an electronic device containing gyros, servomotors,

and a computing device called an autopilot. Throughout 194Z the device was

improved and changed to meet the requirements of the B-17D (the original device

had been developed for the B-17B) and in November 194Z the device was success-

fully tested. The autopilot (called the C-I) was credited by the Air Force with

increasing bomber efficiency by 40 percent.

Meanwhile, Honeywell engineers started work on flight controls for the new

longer range bombers and the earliest jet fighters. An E-6 autopilot was flight

tested in February 1946, and appeared on the B-50's and B-36's of the post-war

Strategic Air Force.

Before the E-6 was in production, the company was developing a later

model--the E-l 1--for supersonic aircraft like the F-89, RB-66, Canada's CF-100,

and others. Later, the MB-3 autopilot was developed for the first operational

plane to fly supersonic speeds in level flight, and other models were developed for

the F-101B Air Defense Command All-Weather Interceptor and NATO's Lockheed

F- 104 Starfighter.

In 1955, Honeywell concluded that the _raditional design approach to flight

control systems was reaching a point of diminishing returns. Modifications in the

basic concept produced only minor improvement. The problem was this: con-

ventional autopilots had to be electronically taught in advance the conditions they

would encounter, and they required a constant flow of information from air data

sensors on the speed and density of the atmosphere. It became apparent that

these limitations eliminated the conventional autopilot from the running for future

craft designed to explore manned maneuverable space flight. The conventional

autopilot could not be programmed for the many flight variables encountered in

hypersonic speeds through the earth's atmosphere into space.

The answer to the problem was found in self-adaptive electronic circuitry,

a computer system which adapts automatically to compensate for varying flight

conditions such as speed, altitude, weight, and wind gusts. A gyro system is

used as the main sensing element.

Six years of research and engineering went into the development of adaptive

flight control. Honeywell's first flight test of an adaptive system took place in

March 1958 in a fully instrumented F-94-C jet aircraft. These tests proved the

feasibility of such a system. The early adaptive work was done both on company

funds and under contract to the Air Force's Aeronautical Systems Division, Flight
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Control Lab. Out of this early work came mute te_t_ ill high perfurmanc= air-

craft and, finally, work on adaptive flight control systems for the X-15 and the

Air Force's X-Z0 Dyna-Soar manned space glider.

A direct transfer of technology from the X-15 and X-Z0 research on adaptive

flight control (the company says, "As if a whale had spawned a minnow") is the

H-14 adaptive autopilot for light twin-engine aircraft. The advantages of the H-14

autopilot are: simplicity reduces the pilot's task and cuts down the possibility of

pilot error; and safety is enhanced by the autopilot's ability to adapt to unfore-

seen conditions. Several aircraft manufacturers are marketing the new adaptive

autopilot as a recommended system for their twin-engine business aircraft.

One problem in a systems oriented computer is how to convert analog data into

digital input form, which can be used by the computer. Examples of analog-to-digital

c onve r s ion de vic e s follow.

Genisco, Inc.

Compton, California

analog -to -

digital

conve rte r

missiles.

In 195Z Genisco built an analog-to-digital converter for

inclusion in a device called an Icono Log, used for con-

verting information from photographic theodolite film to

punch card data for computing the flight path of early

The converter was an electromechanical device for taking mechanical

displacement (for example, a pair of cross hairs) and converting the position to

an electrical signal, digital in nature. Although the original unit has been

abandoned for a family of high speed equipment, Genisco now manufactures a

second generation analog input-to-digital-output system which embodies somewhat

different principles. This is finding wide application in automatic weather sta-

tions and processing plants. The development of both original and later devices

was funded by the company.

Epsco, Inc.

Cambridge, Massachusetts

analog-to- Epsco's analog-to-digital converter is another example

digital of an improvement which can be traced to the rigid de-

converter sign requirements necessary for missle/space equip-

ment. Existing components which were being sold to a

commercial market were developed to operate in missile environments; these

are now being sold commercially to companies requiring more rugged equipment.

This converter features solid state modular construction.

Litton Industrie s, Inc.

Guidance and Control Systems Division

Woodland Hills, California

shaft-to- Litton builds shaft-to-digital encoders which are used to

digital convert rotating shaft positions to electronic signals.

encoder Though this application antedates missile/space programs,

these programs have give_ impetus to small, lighter,

more precise encoders. An example of non-missile/space application of Litton's

encoders is in their analog computers.
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General Precision, Inc.

Tarrytown, New York

contactle ss

shaft -to -

digital

encoder

The missile/space and aircraft industries have created

a demand for a contactless shaft-to-digital encoder which

General Precision has built. Contactless encoders op-

erate without mechanical contacts and for this reason

last longer and are more reliable.

In the absence of mechanical contacts, the signal must be generated by the

encoder optically, capacitatively, or magnetically. Besides the aerospace use,

these encoders have found a limited market in the chemical industry where cor-

rosive chemicals shorten the life of all controls, particularly those dependent on

mechanical contacts. The newness of the device and its high cost have limited

non-aerospace sales to date, but General Precision believes that this device will

find a larger commercial market as more are produced and the price diminishes.

Development was funded by the company.

North American Aviation, Inc.

Rocketdyne Division

Canoga Park, California

IDIOT Rocket engine testing work done at the Rocketdyne Divi-

sion of North American Aviation has resulted in the
(potential)

Instrumentation Digital On-line Transcriber (IDIOT).

IDIOT is a high speed electronic analog-to-digital converter; analog data are

converted to digital input data and stored on magnetic tapes (a form that can be

used directly by digital computers). The instrument will sample I00 input chan-

nels at a rate of i0, 000 measurements per second, and can be a tremendous time

saver in the analysis of test data.

As yet, no commercial application of IDIOT has been made, but licensing

arrangements for IDIOT commercial sales are being negotiated at present. Digi-

tizing of analog data is done frequently in a wide range of engineering and research

fields.

Epsco, Inc.

Cambridge, Massachusetts

data

collecting

system

(potential)

Epsco has recently developed a portable data collecting

system, based primarily on techniques acquired or

perfected through work on various missile programs.

The system is contained in two carrying cases, averaging

less than 65 pounds each, and is fully shock and vibration

mounted.

Epsco feels that its system is an economical, practical solution to the

problem of collecting and recording physical data for direct input to a digital

computer. The system is an integrated, self-contained device which accepts

from 8 to i00 high or low level analog voltages and records them for direct com-

puter input. The company anticipates that the system will find use in measuring

and analyzing the efficiency of process control procedures in such fields as

petroleum, chemicals, and electrical power generation. The system can assist

research groups in the evaluation of complex flow or mixing operations and can
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be used to monitor such parameters as temperature, viscosity, or weight. In the

petroleum industry, anticipated application is the collection of data concerning oil

well production.

Gulton Industries, Inc.

C. G. Electronics Division

Albuquerque, New Mexico

process The application of digital techniques to spaceborne

control vehicles for information retrieval, guidance, and control

techniques introduced Gulton's C. G. Electronics Division to solid

state digital control concepts. Equipment supplied by

this division is used in several programs, including Sergeant, Apollo, Blue Scout,

and the S-17 Solar Observatory satellite. New techniques in digital data acquisi-

tion and digital data handling on these programs have been applied by the division

to industrial and utility process control in the form of unmanned control stations

for natural gas storage and distribution.

The company states that currently most industrial automation techniques

still utilize old methods involving pneumatic or electro-mechanical relay equip-

ment. During the next four or five years, the use of solid state digital control

techniques in the space program will transfer with significant impact to the area

of industrial process control. Costs will be lowered and reliability increased.

Fairchild Camera and Instrument Corporation

Syosset, Long Island, New York

aluminized Fairchild has built programmers for missile/space

data tape vehicle launching which incorporate a new kind of

"punched tape." The tape is an aluminized plastic in
(potential)

which optical holes are made, not by physical punching

but by evaporation of the aluminum coating. This allows higher density informa-

tion storage, a principle applicable to commercial computers. Fairchild states

that the tape itself is no more expensive than standard paper tape, and cheaper

when considered in the light of the amount of information per inch. As yet, it

has found no commercial market.
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D. POWERSOURCES

1. Solar Cells

The modern solar battery is a semiconductor device for converting radiant energy

directly into electrical energy. It contains a P-N junction parallel to and very near the

surface of the semiconductor. When radiation of sufficient energy, greater than the band

gap, falls on this surface, the radiation is absorbed with the creation of an electron-hole

pair. These carriers diffuse from their point of origin and a fair fraction of them, de-

pending upon their lifetime, reach the P-N junction. The minority carriers diffuse across

the junction (are "collected"), resulting in a separation of charge and correspondingly a

photovoltage. When this device is connected in an electric circuit, a photocurrent results

whose magnitude is limited by the intensity of incident light and the impedance of the cir-

cuit.

Photovoltaic effect originated with the experiments of Becquerel in 1839, using

metal electrodes and an electrolytic solution. As early as 1876, Day and Adams ob-

served a photopotential in the presence of light with a junction between selenium and iron.

During the first half of this century much technology was developed in light-measuring

devices based on such junctions, silver-selenium and iron-selenium being the favorites.

These were not then treated in terms of semiconductor theory, but the photoeffects of

rectifying junctions were extensively studied and adequately reproducible. In general,

the power output was adequate only to drive a meter and was not considered as a power

source.

With the advent of semiconductor devices, including well defined P-N junctions, a

change in this pattern gradually developed. In 1941, Ohl described the effect at a P-N

junction in silicon, i In 1951, researchers at Bell Telephone Laboratories mentioned the

collection of photoelectrically liberated charges at P-N junctions. Z In 1952, Shire of

Bell Labs described measurements on such a junction illuminated from the edge. 3 After

the development of diffusion techniques for doping semiconductors, others at Bell pro-

duced the first silicon solar cells conforming to present design ideas. 4

At this point it became apparent that substantial amounts of power could be fur-

nished by such a device. The principles and applications were well treated by Cummerow

of General Electric and Prince of Bell Labs. 5 By 1955, a rather thorough survey of ma-

terial and design ideas had been carried out by such workers as Loferski of RCA and

Jackson of Texas Instruments. & Reynolds of the Air Force's Aeronautical Systems Divi-

sion, an early worker in the field, generally stressed cadmium sulfide as a cheaper

material. 7 In 1960, Wolf of Hoffman Electronics gave an excellent description of the

problems, s

During the late 1950's, government agencies interested in the missile/space ef-

fort began to support R & D on these devices. Electronic News described many of the

company efforts and sponsoring groups. 9 It is difficult to assess the true balance of sup-

port between space and non-space groups since some groups were interested in both ter-

restrial and space applications. However, as soon as these devices became reasonably

efficient, the major portion of the funding was from space related groups.

Work progressed at a number of locations. ASD continued Reynolds' work on

CdS and the Army Signal Research and Development Laboratories undertook studies of

N-on-P junctions, under J. Mandelkorn, noting the extensive Russian use of N-on-P sys-

tems for satellites. The advantage of N-on-P devices in the presence of high energy
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protonsis nowquitewell accepted. Theuseof "idealized"bandgapmaterialswas repre-
sentedbyworkoncadmiumtelluride at ArmourResearchFoundationandongallium
arsenideat RCA. Themultiplecell approach,suggestedby Jackson,wasbeingstudied
in dichroicmirror form andmultilayer form byElectro-OpticalSystemsandTexasIn-
struments. Jacksonof TexasInstrumentslater reporteda twoelementdevicewith over-
all efficiencyas greatas 17percent. Theideaof a singlecell involvinga variableband
gapreceivedfavorablesupportandwasprogressingat EaglePicherResearchLaborato-
ries. Thethin film approachto suchcells wasbeinginvestigated,principally at General
Electric. Cheapermaterialswere representedby theworkof InternationalRectifier
Corporation on selenium, and of Harshaw Chemical Company on evaporated cadmium

sulfide. Work in most of these areas is continuing. Though there are recent reports of

space tests on gallium arsenide by RCA, the principal cell in use is still silicon, with

Hoffman Electronics the principal producer. The use of polycrystalline silicon is being

recommended by certain Russian scientists for economic reasons.

Applications of solar cell space-related developments to non-space areas follow.

Hoffman Electronic s Corporation

Industrial Products Division

Los Angeles, California

solar

cell

applications

The economic feasibility of solar-powered products can

be directly traced to the space programs, although the

technical feasibility cannot. After the first silicon solar

cells were produced by Chapin, Fuller, and Pearson at

Bell Labs, some were used experimentally to power various demonstrating equip-

ment. In 1954, the Semiconductor Division of Hoffman Electronics Corporation,

which at that time was known as National Semiconductor Products, took up the

experimental work of Bell Labs and brought the silicon solar cell to the point

where it could be manufactured by conventional semiconductor techniques. Com-

mencing in 1955, many efforts were made to find practical applications for the

solar cell. In 1956, Hoffman Electronics established a solar cell applications

engineering group. This group made many devices utilizing solar cells, including

automatic repeater stations, one of which was operated from solar power on top

of Santiago Peak in Southern California for the U. S. Forest Service. They also

made solar-powered flashing lights for the Coast Guard, to be used as markers on

piers, and solar-powered radios, flashlights, and clocks.

The Vanguard I satellite, which was successfully launched in March 1958

was the first artificial earth satellite of any country to utilize solar cells as a

source of power for the communications gear aboard. The satellite is still trans-

mitting information whenever the solar cells are illuminated during its orbit.

These solar cells were manufactured by Hoffman.

In recent years, Hoffman has sold hundreds of thousands of solar cells to

Jet Propulsion Laboratory and other organizations associated with NASA and the

space effort.

As a result of the requirements for a great many high efficiency cells to be

used in satellites, a considerable quantity of less efficient cells have become

available for non-space use. Solar cells are useful wherever a reliable, main-

tenance free, long life source of electrical power is required--particularly where

conventional power sources are not available but the sun shines with reasonable

frequency.
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Specific products or applications developed by Hoffman Electronics around

the solar cell are as follows:

portable This consumer product can now be sold at a reasonable

radio price because of the space program. Hoffman has sold

quantities of three models of solar-powered radios to

the general public over the last four years. The price of these radios was reduced

from $150 to approximately $50 as a result of decreased costs of lower efficiency

solar cells which were by-products of the production of high efficiency cells for

space satellites.

con-Ln_unity The economic status of people in many nations does not

listening permit them to purchase individual radio receivers. In

center India and other emerging nations, community listening

centers have been established so that a single receiver

can serve a whole village. This keeps the population informed and also provides

entertainment. In areas where electric power is not available and it is not con-

venient to supply batteries, the solar cell is used as a source of power.

emergency This system provides emergency services to mortorists

call stranded on freeways, turnpikes, and superhighways.

system Since the system uses solar cells, it is self-contained

and can be mounted on any post or lamp pole. The

stranded motorist simply pushes a button which describes the service needed

(e. g. , police, ambulance, service truck). The button turns on the transmitter

and sends the message. A visual display at the receiver gives the location of the

call and shows the type of service needed.

The system has been installed on the central portion of the Los Angeles

freeway network, under a contract with California Division of Highways.

telephone Solar cells are being used to power a telephone system

system in South Africa.

2. Thermionic and Thermoelectric ]Energy Conversion

Thermionic and thermoelectric power generators convert heat energy directly to

electrical energy. In this section, only the method of heat conversion will be considered;

the particular mode of heat gene'ration--chemical or nuclear--will not be discussed.

Thermionic converters consist of a heated cathode and a cooler anode, or collector,

separated by a short space, either evacuated or filled with an ionized vapor at low pres-

sure. Heat applied to the cathode causes some electrons to attain enough energy to es-

cape the surface of the metal. Initially these electrons collect around the cathode, pro-

viding a space charge which would prevent the escape of further electrons. The nearby

anode, however, collects these energetic electrons, draining off the space charge and

allowing continuous current to flow, itself becoming negatively charged with respect to

the cathode. The ability of a hot cathode and collector in a vacuum to supply power to an

external electric circuit has long been known and was proposed as a normal power source

as early as 1915 by Schlichter. I° However, the phenomenon remained a laboratory curi-

osity until 1958. Since 1959, much effort has been expended to make practical thermionic
II

c onve r te r s.

There are two general types of thermionic converters: the vacuum diode and the

plasma diode, or plasma thermocouple. The former depends upon a very closely spaced
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anode,_.g., within 0. 0003 inch of the cathode, to reduce the space charge. In the latter,

the reduction of space charge and thus of internal impedance of the generator is accom-

plished by means of an ionized vapor, usually cesium, whose slow moving positive ions

collect principally in regions of excess negative charge. With this system, electrode

spacings in excess of 0. 05 inch are reasonable.

Cesium vapor thermionic converters have been made with conversion efficiencies

as great as 15-17 percent. General Electric has recently marketed a vacuum device with

an efficiency of about Z. 5 percent. Iz By 1961 the more efficient plasma device was sub-
13

ject to pilot plant studies. Solar thermionic converters have had serious attention from

both ThompsonRamo Wooldridgeand GE.14 Thermo Electron }Engineering Corporation

has been active in both the vacuum diode field, growing out of earlier work at MIT, and

the plasma diode field. _s Atomics International has been principally concerned with plasma
16 17

diodes. General Atomics has worked extensively in the nuclear-thermionic area.

The use of refractory "fuel elements" as cathodes was first discussed at Los

Alamos. 18 It has been taken up by several companies, and much work in the field was re-

ported at the Colorado Springs "Symposium on Thermionic Power Conversion" in May

196Z. RCA has been working on lower temperature systems, recently under sponsorship

of the Navy Bureau of Ships. Other work is sponsored by BuShips (nuclear powered) and

NASA. A combined effort of Thermo Electron Engineering Corporation and Minnesota

Mining & Manufacturing Company has produced a thermionic-thermoelectric cascade gen-

erator. 19 Electro-Optical Systems Company has NASA support in this field. It appears

that the missile/space effort has been a source of much of the support for work in this

field. The exceedingly high energy density and the high exhaust temperature, allowing

radiative exhaust, both contribute to this application.

The thermoelectric converter is, generally, an electric circuit composed of two

different conductive materials with the two junctions held at different temperatures. This

effect, in thermocouples, has long been used to measure temperature and has even pro-

vided enough power to actuate furnace switches. In the modern device for energy con-

version, one visualizes a pair of cylindrical legs, one of aP-type and the other of an N-

type semiconductor. The hot junction is formed by bridging the two legs with a metallic

bar, e.g., copper. The cold junction is the open joint of the circuit where the electrical

load is attached, again by metallic bars. The hot junction bar is immersed in the source

of heat and the cold junction bars in the cooling medium, often air or water. A voltage,

in the open circuit, or a current, in the closed circuit, is generated proportionate to the

temperature difference between the junctions. The value depends upon the Seebeck coef-

ficients of the two materials. (See Section B-3, "Thermoelectric Refrigeration, " for

more detailed information and references. )

Although the phenomenon was observed by Seebeck as early as 18ZI, it was not

useful as a source of power because of the low Seebeck coefficients of the metallic con-

ductors tested. The possibilities of power conversion began to appear in the late 1930's 2°

and were greatly expanded by the Russian work under Ioffe. Although thermoelectric

properties of materials have been an easy and useful property to measure, particularly

among semiconductors, it was not until about 1955 that an intensive search for materials

as a basis for a thermoelectric industry began, and then a very large number of people

entered the field almost immediately. After Telkes and Ioffe, it is difficult to make any

assessment of priority or even of detailed justification.

Navy.

Government interest in thermoelectric converters has been well monitored by the
Zl

The materials search is probably best represented by work at Westinghouse.
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Thedevelopmentof leadtelluride, theworkhorseof thermoelectricgeneratorsat the
presenttime, wasadvancedat MinnesotaMining& Manufacturingfor usein theSNAPIII
generator.ZZTheir efforts in thermoelectricgenerationbeganasearly as 1950.

In convertersusingradioisotopesastheprimary powersource, suchas theSNAP
generators, theenergyof alphaand/orbetaparticles(withsomecontributionfrom gamma
rays) is convertedto heatbyabsorptionof theseparticles in the material of the device.

This heat is then converted to electricity by either thermoelectric or thermionic means.

Certain of the SNAP generators have employed thermoelectric conversion. (See the

Martin Company description following this introduction. )

A fairly extensive program in high temperature materials has been carried out by

General Electric. Both General Electric and Westinghouse have been broadly involved in

the problems of generator design. Z3 Dozens of other companies have been involved in

materials research and/or converter development. Two early reviews of the status of

the thermoelectric field were published by the Navy and Electronic Industries. Z4 It is

almost impossible to make a selection among the contributors. Mention should be made,

however, of the contribution of RCA to materials development z5 and the production of

commercial generators by Texas Instruments z_ and Minnesota Mining & Manufacturing. Z7

Although development of thermoelectric generators has had far greater government sup-

port than has work on thermoelectric cooling, it is difficult to determine what portion of

this came directly from the missile/space effort, although there has definitely been a

contribution. Quiet sources of power and relatively efficient and lightweight sources for

small scale portable equipment were among the early goals of this endeavor.

Examples of missile/space effort technological transfer in these areas follow.

General Electric Company

New York, New York

thermionic Current thermionic energy conversion development el-

energy forts of the General Electric Company originated with

converter the early work of Dr. Volney C. Wilson, conducted in

the General Electric Research Laboratory and wholly
(potential)

company funded. It led to subsequent company advance-

ments in both the vacuum converter and vapor converter areas.

In early 1959, the Cambridge Research Center provided, through the Mis-

sile and Space Vehicle Department of GE, government funding for the Research

Laboratory and the Power Tube Department to continue the company's efforts in

thermionic conversion research and development. Concurrently, the Missile and

Space Vehicle Department provided both company and other government contract

support for the Research Laboratory, the Power Tube Department, and the Atom-

ic Power Equipment Department in the development of an isotope heat source to

which a thermionic converter could be attached. Also, the Missile and Space

Vehicle Department undertook development for the U. S. Air Force of a solar

thermionic power supply using the first commercially produced vacuum thermi-

onic converters. These converters had been developed by General Electric with

company funds.

Currently, both government-sponsored and company-sponsored develop-

ments are continuing in the vapor thermionic converter area. The primary
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foreseeable use of thermionic converters of this type is in space power systems;

solar heat collectors and isotope and nuclear reactors are being considered as

heat sources for these systems.

Thermionic converters are considered to have possible future commercial

applications as topping devices (devices effective for converting waste heat to

electricity) for use in central power station operation. Additionally, they are

foreseen as possibly applicable in systems which provide electrical power at re-

mote unattended locations, e.g., microwave relay stations, irrigation pumping

stations, and weather transmittal and navigational beacon sites. In such applica-

tions, the required heat sources can include fossil-fuel-fired means in addition

to the mentioned solar heat collectors and isotope and nuclear reactors.

Martin Company

Nuclear Division

Baltimore, Maryland

radio -

isotope

fueled

generator

electric generators;

Late in 1958 the Nuclear Division of the Martin Company

began a 15-month research program sponsored by the

Atomic Energy Commission. There were three objec-

tives of this program: I) to find a compound of stronti-

um-90 suitable for use as a heat source in thermo-

Z) to find materials to contain the selected strontium corn-

pound; 3) and to conceptually design a low-power generator to use the heat source.

In March 1960, the AEC awarded Martin a contract to design and fabricate a

strontium-fueled 5-watt generator. In July, the AEC again contracted with Martin

to produce a data telemetry package designed to receive its power from the 5-watt

generator.

It is obvious that radioisotope-fueled, direct-conversion generators were

first demonstrated in terrestrial applications; however, R & D yielding refine-

ments and improvements to adapt them to space applications has been reflected in

the design of terrestrial application units and given impetus to their development.

Two SNAP (Systems for Nuclear Auxiliary Power) generators fueled with plutoni-

um-Z38 are orbiting the earth in the Navy's Transit Navigational satellite. The

same fuel will be used in SNAP generators for the operational Transit System.

Curium-Z4Zwill fuel SNAP generators aboard NASA's Surveyor vehicle. A recent

contract calls for a feasibility study for a 500-watt SNAP generator using a therm-

ionic energy conversion system for space applications.

An example of non-space applications of these nuclear generators is in an

automatic meteorological data transmitting radio station. This station has been

designed and fabricated by the Martin Nuclear Division for the Division of Isotopes

Development, U. S. Atomic Energy Commission and the U. S. Weather Bureau,

for unattended service at a remote Arctic location. The system, which consti-

tuted the first nuclear powered remote automatic weather station, was installed

on Axel Heiberg Island in the Arctic on August 17, 1961. It transmits weather

information at three-hour intervals to a manned U. S. Weather Bureau Station at

Resolute Bay, ZOO miles distant.

In addition to the Axel Heiberg weather station, the following generators

have been built or planned (under AEC contracts) with strontium-titanate as their

fuel: a weather station for the Navy at McMurdo Sound; a Coast Guard buoy; a

Coast Guard lighthouse; a Navy floating weather station; and a Navy ocean-

bottomed navigational beacon.
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Additional uses of isotope power sources are under consideration for other

remote weather station application, and as power sources (using cesium' for

undersea monitoring devices to detect nuclear blasts.

3. Fuel Cells

No instances of missile/space transfer of fuel cell technology resulting In a com-

mercial product were identified in this study. However, several organizations contacted

considered that the potential commercial applications of fuel cells could be classified as

possible future transfers from the missile/space program. As is the case in most areas,

there has been much pre-space and concurrent non-space research in this field. Because

of the widespread interest in fuel cell applications, and to clarify the nature of the space

effort contribution, a review of fuel cell technological development is presented here.

The fuel cell is difficult to distinguish in a definitive way from some forms of

chemical batteries. It involves, as do all batteries, two "metallic" electrodes (electron-

ically conducting materials) separated by an electrolyte (ionically conducting). A chemi-

cal oxidant at one electrode takes up electrons; a reducing agent at the other electrode

releases electrons. Thus a chemical reaction takes place which requires the transfer

of electrons between the two electrodes through an external circuit. The distinctive fea-

tures of the fuel cell are that generally the "metallic" electrodes do not enter into the

chemical reaction but act only as source or receiver of electrons and that the oxidant

and reducing agent are generally fed to the cell from a quasi-infinite external source.

Certain carbon electrode cells do not satisfy the former condition; regenerative fuel cells

do not satisfy the latter and are, thereby, very similar to storage batteries.

Historically, the work of Davy at the beginning of the 19th Century formed the

foundation for fuel cell studies, though a hydrogen-oxygen cellwas first investigated by

Grove in 1839. Actual attempts to construct modern fuel cells were quite extensive dur-

ing the last decade of the past century and the first decades of this one; they were aimed

principally at coal as the fuel and air as the oxidizer. The difficulties of producing a cell

of reasonable life and of regenerating the electrolyte proved too great and interest lagged

until the late 1930's when renewed attempts were made with a wide variety of chemical

systems. Then, work began on the Bacon cell, arelatively high temperature, high

pressure hydrogen-oxygen cell. Z8 It was not until the postwar period that interest in fuel

cells intensified, along with a generally increasing concern over direct conversion tech-

nique s.

Since 1959 several good reviews of the fuel cell situation have been prepared,

including the Army reports, an article by DeZubay and Shultz, a book edited by Young,

and a chapter by Yeager. z9 This discussion has drawn heavily on Army _eport No. I,

DeZubay and Shultz, Yeager, and many others.

Although the fuel cell offers sufficient fuel efficiency (potentially 60 percent to 70

percent energy conversion) to make it competitive for central power, most of the i_ & D

support during the past decade has resulted from interest in smaller uses, prime movers,

remote stations, and space power. Much of the research effort is industry sponsored,

estimated by Moos at almost 80 percent; government agencies supply the remaining sup-

port. 30 Alarge fraction of the direct industrial support comes from the fuel industry;

most of the remainder from engine and motor manufacturers. Most of the basic ideas,

including redox and other regenerative cells, were proposed during the early work in

this field. New contributions have come in the form of electrodes of better physical de-

sign, some exotic fuels, ion-exchange, and some new solid electrolytes. It is not yet

certain how important the work on "bacterial" fuel cells and photoregenerative systems

may prove.
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Fuel cell work is generallyclassified: l) onthebasisof openversusregenera-
tive cells; 2)onthebasisof fuel used. Theopenhydrogen-oxygencell is theonebest
developedat thepresenttime. Thehigh temperaturesystemproposedbyBaconis still
beingpursuedfor the NationalResearchandDevelopment(nowEnergyConversion,Ltd. )
in Great Britain, and is under development at Leesona-Moos Laboratories and Pratt &

Whitney in the United States. 31 The work of Zeesona-Moos and its predecessor, Patterson-

Moos, received early support from the Air Force and the Navy Bureau of Aeronautics. 3Z

The Pratt & Whitney effort is more recent (1959) and development is now being supported

by NASA for the Apollo project. 33 Low temperature hydrox cells are being studied quite

extensively. Prominent in the field are Justi at the Technische Hochschule, Braunschweig,

Germany, and Union Carbide Consumer Products Company in the United States. 34 Allis-

Chalmers, the Electrical Storage Battery Company, and Electro-Optical Systems also

have been working on low temperature cells. 3_

This work started about 1957 under industrial sponsorship, with consumer use in

mind. The government is now supporting some of this work. A variation on the low

temperature cell, using an ion-exchange membrane as the electrolyte, has been extensively

developed by General Electric. 3_ Inorganic membranes have recently been under study at

Armour Research Foundation and at Astropower, Inc., under NASA support. 37 A mem-

brane system based on a hydrogen-bromine reaction is favored by Ionics, Inc. 38 The GE

work, starting in 1958, was strongly supported by the Corps of Engineers and the Ord-

nance Corps, and later by the Signal Corps. 39 The work is now proceeding under NASA

sponsorship for the Gemini project. 40

Hydrocarbon-air and hydrocarbon-oxygen cells have been the intended goal of much

of the effort in fuel cells. Only limited success has attended these efforts. High tempera-

ture cells, involving molten salts {principally carbonates) as electrolytes, have been pro-

duced and tested. In recent times research has been undertaken by: Justi in Germany;

the Central Technical Institute (T.N.O.) in Holland; the Institute Francaise du Petrol

(I.F.P.) in France; the Sondes Plate Research Laboratories in England; and the Consoli-

dated Coal Co. , Curtiss-Wright Corp. , and General Electric Research Laboratories in

the United States. 41 T.N.O. has received support from the U. S. Army since 1958.4z

Consolidated Coal was supported by the Signal Corps as early as 1954; Curtiss-Wright by

the Corps of Engineers much later. 43 Natural gas as a fuel has been studied by the Insti-

tute of Gas Technology and has recently been publicized by GE, using a solid state electro-

lyte. 44 The solid electrolyte is not particularly new.

Oxidation of alcohols rather than hydrocarbons has been proposed to ease the

problem of anode catalysis. Research in this area, involving low temperature systems

and carbon or metal electrodes, is progressing at Signal Research and Development

Laboratories, Professor Justi's Laboratory, Esso Research, and Monsanto Chemical

Company. 45 Other open systems involving more exotic fuels, such as magnesium, zinc

or sodium, are being developed for special applications by Dow Chemical Company,

Aerojet-General Corp. , Electric Storage Battery Company, National Carbon Company,

M. W. Kellogg Company, and Hoffman Electronics Corp. 46 The work at Aerojet-General

received early support (1951) from the Office of Naval Research. 47 The National Carbon

work has also been supported by ONR and the Kellogg work by the Bureau of Ships. Some

attention has been given to a biochemical cell, using bacteria or enzymes to catalyze
48

certain steps in the process.

Regenerative cells also take many forms. This area of R & D has had a greater

amount of support from space oriented groups. Those in which the electroactive reduc-

tant and oxidant are regenerated chemically are usually classified as "redox" systems.
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Work on such cells has been pursued at General Electric, at King's College, London, and

at the Diamond Ordnance Fuze Laboratories. 49 The General Electric work was sponsored

by the Corps of Engineers and the Ordnance Corps. 50 Attention has been given to thermal

regeneration, accepting the Carnot limitation on efficiency, by the Mine Safety AppliarLce

Research Corp. , Tapco Division of ThompsonRamo Wooldridge, Inc. , Electro-Optical

Systems, Inc. , and Allison Division of General Motors. 5_ The MSA work began in 1959

under Signal Corps support, as did the EOS work. 5z Photochemical regeneration has been

studied by Lockheed under Signal Corps sponsorship and by Sundstrand. 53 Electrolytic

regeneration is a more common technique for space applications, where the fuel cell

operates simply as a storage system. Most of these systems are based on hydrogen-

oxygen, as exemplified by the work of General Electric, Pratt & Whitney, Electro-

Optical Systems, Inc. , and lonics, Inc. 5_ General Electric and Pratt & Whitney have

proceeded under Signal Corps sponsorship. EOSwork recently originated under NASA

support.

It is apparent that a large amount of work on fuel cells is in progress. It is also

apparent that the space program does not dominate the field, but rather follows it. The

high fuel efficiencies make fuel cells appear potentially applicable in central power sta-

tions. Westinghouse, which has worked in this field for several years, has recently been

awarded a $1 million contract from the Office of Coal Research aimed at central power

based on pulverized coal. 55 Remote stations are getting a start, e.g., the Stanton, Ken-

tucky station of Columbia Gas, powered by a Pratt & Whitney fuel cell system. 56 Power

for prime movers has been demonstrated by Allis-Chalmers, Electric Storage Battery

Company, and Chrysler.

These civilian applications dominate much of the thinking in the field. The area of

electrolytic chemical production has been seriously explored, including both organic and

inorganic chemicals. In the military area, both M. W. Kellogg and General Electric are

working on systems big enough to power a small ship or a submarine. Fuel cell back-

packs for powering electronic equipment are quite well developed. Power for remote

buoys can be reasonably provided.

The principal contribution of the space effort to this field appears to have been in

the development of more regenerative systems, and in general financial and moral sup-

port of already established R & D programs.

4. Magne toh)rdr odynamic s

Basically, magnetohydrodynamics (MHD) is concerned with interaction between

magnetic fields and high temperature ionized gases. For many years, studies in this

field were largely limited to those performed by astro-physicists and individuals engaged

in studying gas discharges. A summary of the application of magnetohydrodynamics to

the study of sunspots, along with a bibliography, has been prepared by Elsasser. 57

Generating electrical energy through interaction of a conducting medium with a

magnetic field is an old idea. Faraday's discovery in 1831, that an electrical voltage

could be induced in any conductor by relative movement between the conductor and the

magnetic field, is the basis for the conventional generator where a coil of wire (arma-

ture) revolves in a magnetic field.

An MHD generator produces an electrical current from an ionized gas flowing

through a magnetic field. An ionized particle moving through a magnetic field will be

deflected in one direction if it carries a negative charge and in the opposite direction if
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it carries a positive charge. By superimposing a magnetic field on an ionized, high speed

fluid--such as that produced by a rocket engine--and placing collectors in an appropriate

position to intercept the positive or negative charges, an electrical voltage between the

collectors can be produced.

Due to advantages resulting were electricity to be produced without moving parts,

several patents dating back at least 50 years were granted which dealt with the production

of electric current as the result of the motion of a conducting fluid relative to a magnetic

field. An inadequate understanding of the phenomenon involved prevented exploitation of

these ideas. Probably the most thoroughly tested of these was the Karlovitz-Halasz

generator developed at Westinghouse Electric Corporation between 1933 and 1946 which

apparently suffered from insufficient conductivity of the gaseous medium, s8

The gas to be used in a magnetohydrodynamic power generator must conduct an

electric current and therefore must be partially ionized. While the temperatures re-

quired are high, they are not greatly different from those encountered in rocket engines

and hypersonic flow. HoweVer, gases could not be heated readily to sufficiently high

temperature to become good conductors of electricity until the shock tube had been de-

veloped as a tool for hypersonic research, s9 The electrical properties of shock heated

gases were then studied, and the experimental results verified theories on electrical

properties of gases._° The process by which the gas approaches an equilibrium ioniza-

tion value after being heated by a shock was also studied, sl It was found that the tempera-

tures required to produce a conducting gas could be reduced if an easily ionizable impuri-
s2

ty was added to the gas.

The ICBM re-entry problem which became important in the 1950's, and later

problems in space propulsion, accelerated and supported studies of high temperature

properties of gases and the interaction of these conducting gases with electrical and mag-

netic fields. The application of the magnetohydrodynamic forces to exert drag on and

reduce heat transfer to a re-entry body was considered. As part of an investigation of

electrode operation in a high velocity hypersonic gas flow, a magnetohydrodynamic gen-

erator using argon developed, for a short time, more power than was consumed by the

field coils. ,3

During this period, theoretical and experimental work on one-dimensional flow in

a closed channel such as would be utilized in a magnetohydrodynamic generator was also

studied. _4 The construction of an experimental magnetohydrodynamic generator was

started in 1958 to obtain both an observable amount of power and information on phenomena

related to magnetohydrodynamic generator operation. _5 Other work included a theoretical

analysis of the problem and experimental work by the British with a shock ionized argon

generator.

In November 1959, Avco-Everett Research Laboratory and the American Electric

Power Services Corporation initiated a joint study to investigate the possibility of MHD

power generation and the problems involved. 67 (See the Avco-Everett description following

this introduction. ) The studies included both nuclear and conventional power sources such

as coal. Both open and closed cycles were considered.

Although Avco-Everett has received or provided the most public attention in the

field of MHD generation, several other companies also have been active in this field,

particularly since 1959. Westinghouse has developed reasonably successful power gen-

erators based on internal combustion and seeding with alkali metal compounds. *s The
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company is pursuing a closed loop study for the Air Force Aeronautical Systems Division

under contract AF33(657)-8311. Westinghouse also has been giving considerable attention

to non-equilibrium ionization, reported by E. J. Sternglass at the Third Symposium on

the Engineering Aspects of MHD at Rochester, March 196Z. In 1960, Thompson Ramo

Wooldridge built and tested a small MHD generator for space applications. The company

is testing the idea of a vortex flow system under NASA support. General Electric has

been working on MHD systems under Air Force support for several years, and recently,

for the Office of Naval Research. 69 GE has alsobeen concerned with non-equilibrium

ionization under ASD support, contract AF33(657)-8298.7° A new method for heating the

electrons above the gas temperature, proposed by Sutton, Hurwitz, and Tamor has looked

particularly interesting. Martin-Marietta has recently been doing work under Office of

Naval Research sponsorship. 71

It is to be noted that although the gas must be ionized, thermally or otherwise, it

is the kinetic energy of the flowing gas stream which is converted to electrical energy.

This kinetic energy results from expansion of the heated gas through an appropriate noz-

zle and sets the expected Carnot limitation on efficiency. It is not easy to reduce the

equivalent exhaust temperature of the jet to a low figure, so that the energy efficiency of

the MHD generator by itself is likely to be on the order of 30 percent to 40 percent at

best. Use of the exhaust heat to drive a high temperature turbine, or a thermionic con-

verter and other low temperature converter in thermal series, makes it appear that an

overall energy efficiency of 60 percent to 70 percent may be achievable.

Avco Corporation

Avco-Everett Re search Laboratory

Everett, Massachusetts

MHD

generator

(potential)

The study of missile re-entry problems has developed a

good theoretical understanding of the electrical conduc-

tivity characteristics of gases at high temperatures in

ranges above those normally encountered in thermal

power plants. This new understanding raises the possibility of technically feasible

and economically attractive plants for the large scale generation of electric energy

using magnetohydrodynamic principles.

Avco-Everett Research Laboratory conducted studies of missile re-entry

and high temperature gas dynamics, beginning in 1955, under contract with the

Air Force Ballistic Systems Division. Studies of magnetohydrodynamics were

also carried on under contract with the Air Force Office of Scientific Research.

In November 1959, Avco-Everett Research Laboratory and the American

Electric Power Services Corporation initiated a joint study to investigate the pos-

sibility of MHD power generation and the problems involved. While it is not yet

certain that a magnetohydrodynamics central station power plant can be built,

there appears to be a good possibility that this development will take place, pos-

sibly within the next ten years.

The principal advantage of such a plant would be the much higher thermal

efficiencies. It is estimated these would approach 60 percent as compared with

the present 40 percent maximum.
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While the commercial power plant program is sponsored by Avco Corpora-

tion and the electrical utilities, other aspects of MHD power generation are being

investigated under Air Force Ballistic Systems Division contract. The Air Force

Office of Scientific Research is also sponsoring basic studies of MHD phenomena

at Avco-Everett.
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E. PROPULSION

i. Cryogenics

Although the field of cryogenics (the science of very low temperatures) seems rel-

atively new to the layman, its history extends back to 1862 when Joule and Thompson

demonstrated that a gas could be cooled by expansion through a porous plug. Approxi-

mately thirty years later yon Linde and Claude each invented a machine for liquefaction of

air, using this basic principle. These machines, and their later modifications, became

the basic tool for liquefaction of gases. The demand for cryogenic fluids increased greatly

during World War II and has continued to grow. Today the most widely used cryogenic

fluids are oxygen, nitrogen, helium, hydrogen, fluorine, and methane.

O_y_¢n has been the most commorfly used cryogen, its consumption increasing

steadily since the hinde Company set up the United States' first air liquefaction plant in

1907. It was not until the 1930's, however, that trucking and handling oxygen in liquid

form became common practice, significantly reducing the overall shipping cost per cubic

foot of gas. This made it economically practical for the steel and chemical industries to

adopt wider usage of oxygen. Production of liquid oxygen is now an important facet of

U. S. industry. The steel and chemical industries are the largest consumers of liquid

oxygen with the rocket and missile industry ranking third. Liquid oxygen is the oxidizer

most commonly used in liquid-fueled rocket engines. It was used in the early Rocketdyne

engine for the Redstone missile and in the engine of the Viking missile. It is currently

being used in both the Atlas and Titan I missiles. It will probably remain in this domi-

nant position for rocket use for quite some time, due to its advantages of relatively low

cost, resulting from its distillation of liquid air, and its relative ease of handling.

Liquid flourine is the best oxidizer currently available but it has the drawback of

being extremely toxic and corrosive. At present, it is not employed because of these

deterrent effects. However, because it can increase the performance of a propulsion

system by as much as 40 percent, much work is being done to increase its applicability.

Liquid hydrogen as a rocket fuel appears destined to increase in usage because of

its high specific impulse. Specific impulse is the total impulse of thrust provided by the

combustion of a unit mass of propellant. It is proportional to the combustion temperature

of the fuel and inversely proportional to its molecular weight, z Since hydrogen has the

lowest molecular weight, it has a correspondingly high specific impulse. It is currently

being used in the Centaur and Saturn space vehicles, under development by NASA.

During the period 1860 to 1946 many other advances were being made in the field

of cryogenics, culminating in the development of a commercial helium liquefier by S. C.

Collins of MIT in 1946. This made available in commercial quantities the coldest (-45Z°F)

of the cryogens. Liquid helium is being used in research at temperatures close to abso-

lute zero. Much of this research is indirectly connected to the space program, as ex-

plained below in connection with superconductor research.

Another cryogenic fluid used in missile/space activities is nitrogen, although this

field represents only a modest part of nitrogen's current market. Its uses in the missile/

space program include: space simulation in which it acts as a "shroud" surrounding the

simulation chamber to keep it cold; as a pressurizing medium to transfer rocket propellants;

to test parts that will be in contact with liquid oxygen; as a purge for missile components;

to quick-cool wind tunnels; and as an inert atmosphere for shock-absorption of hydraulic
3

landing gear.
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It is clear that atheoreticalbackgroundin cryogenicswasquitefully developed
whenmissile/spacerequirementsfor cryogensbeganto be felt. In addition, someof
thecryogens,especiallyliquid oxygen,hadbeenin practicalusefor sometime, How-
ever, therewere someuniquerequirementsimposedby missile andlaunchsite specifi-
cationswhichled to newdevelopmentsand/or improvedtechniquesin cryogenics. The
resultwasto makeavailablemoreequipment,instrumentation,andtechniquesthat are
usedina variety of commercialapplications.

It wasnecessary,for example,to improveonthedesignof storagevessels
(dewars)for thesecryogenicfluids. Bett_r insulationtechniquesweredevelopedsothat
vaporizationlossescouldbesignificantlyreduced. Improvedor newdesignsin cryogenic
instrumentationwererequired, e.g., liquid levelmeasurement,flowmeters,etc. Very
exactingrequirementsfor cryogenicsystemclear_linesswereimposedsincesmall for-
eignparticlescouldseriouslyimpair rocketengineperformanceor causeexplosions,
resultingin expensivedelays.

Transportationandstorageof cryogenicsis anotherimportantconsiderationin
themissile/spaceindustry. Sinceamissile or rocketconceivablycouldstandonits
launchpadfor years, it wouldbeimpractical to store liquid oxygenin its tanks, dueto
vaporizationlossesandfreezingof controlvalves. Therefore, tonsof propellantmust
be loadedfor launchwith theutmostspeed. Themajor problemsinvolvedin this process
are linecool-downandheattransfer to thefluid. Thesolutionof theseproblemslies in
the selectionof suitabledesign,materials, andinsulationtechniques.Thetechnological
advanceswhichweremadeas a result of theserequirementsarebeingadaptedto com-
mercialpractices.

Thereare other importantapplicationsof cryogenicswherethemissile/space
effort hasmadean indirect contributiondeservingof somecomment. Themost signifi-
cantoftheseis thephenomenoncalledsuperconductivity.This characteristicof some
metalswasfirst discoveredby Onnes,a Dutchphysicist, in 1911. Experimentingwith
theeffectsof liquid helium, hefoundthat mercuryhadnoresistanceto flow of electricity
at temperaturesbelowabout-455°F. Thiswasthefirst of a seriesof discoveriesabout
the strangebehaviorof materialsnearabsolutezero temperatureswhichhaveprecipi-
tatedalarge amountof scientific researchin the last fewyears.

Superconductivityhassignificantimplicationsin bothcommercialandmissile/
spacefields, hencea transfer of superconductivitytechnologyfrom oneto theother. The
areasinwhichsuperconductivitymaybeutilized in themissile/spaceprogramsinclude:

I. It canbeusedto inakeextrelnelyfast switches,calledcryotrons, for useill
digital computers. Dissimilar metals, usuallyleadandtin, are used. A small current
flowingin oneof thesuperconductingleadstrips will createamagneticfield whichwill
destroythesuperconductivityin anytin strip it crosses. Therefore,byturningona
small currentin theproper leadstrip, electrical currentsin selectedtin strips canbe
switchedoff. Theadvantageof the switchis its highspeed--itoperatesin nanoseconds.
Computerscapableof suchspeedscouldbeusedbymissile defensesystemswherean
enemymissile hasto be identifiedandits trajectory plotted.

2. Extremely powerful magnetic fields can be constructed using superconducting

wires as the field source. For example, cryogenic gyroscopes, or cryogyros, are being

developed in which a light spinning sphere of metal is suspended in a magnetic field, thus

virtually eliminating friction. These may find use in inertial guidance systems of missiles

and space vehicles. 4
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3. Anotherapplicationof the large andstrongmagneticfields whichcanbegen-
eratedusingsuperconductivityis magnetohydrodynamic{MHD)spacepower. WhileMHD
is onlytheoreticallyfeasibleat thepresenttime, its useis predictedfor ion propulsion
systems,spacestations,or auxiliary powersystemswhereonemegawattof poweror
more is needed. It is reasonableto predictthatthis will generatemuchresearchonthe
applicationof superconductivity.

Examplesof transfer of missile/spacetechnologyin this areafollow.

Air ProductsandChemicals,Inc.
Allentown,Pennsylvania
b roade r

use of

cryogenic

liquids

due to

missile/space

needs

Air Products and Chemicals, Inc. produces and com-

mercially distributes cryogenic liquids. Missile/space

requirements for large quantities of cryogenic liquids

have resulted in expanded facilities throughout the in-

dustry and contributed to significant price reductions.

The reduction in price for some of these cryogenic fluids

has been sufficient to permit their use in additional com-

mercial applications. For example, Air Products and Chemicals is now supply-

ing cryogenic fluids for truck refrigeration systems and private research.

The development of most of the equipment required for the production of

cryogenic fluids was funded by the company. Some government support was ob-

tained for the development of hydrogen and helium liquefaction equipment.

Tennessee Products and Chemical Corporation

A Sub sidiary of Merritt-Chapman & Scott Corporation

Nashville, Tennessee

improved Expanded perlites have been used for a number of years

cryogenic as light weight aggregates in concrete and plaster, and

insulation as industrial filter aids. The missile/space need for

suitable insulating material for tanks of liquefied gases

brought about the development of this special insulation grade of expanded perlite.

In missile/space programs this material serves as insulation in ground

support equipment storage tanks, primarily for the storage of liquid oxygen and

liquid hydrogen. This improved insulating material is also used in the fabrication

of tanks and equipment for industrial handling of cryogenic fluids by such firms

as Air Products and Chemicals, Inc. and Chicago Bridge and Iron Company.

The development leading to the improved product was funded by the company,

working in conjunction with customer firms.

Stearns-Roger Manufacturing Company

Denver, Colorado

dewars

{potential)

Dewars are generally considered to be double walled

vessels with intermediate insulation capable of storing

liquefied gas at -150°F or colder. Sir James Dewar
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(184Z - 1923) is usually given credit fur the development of this type of vessel,

but prior to the aerospace age dewars were small and expensive laboratory type

equipment. Missile/space requirements made necessary the development of

large units for storing vast quantities of liquefied gases. Stearns-Roger designs,

manufactures, and tests dewars for these uses. The company anticipates several

commercial applications for these large units. It is currently conducting studies

for customers in the natural gas industry to determine feasibility of using these

vessels for shipment of liquefied methane and other hydrocarbon fuels. Other

uses for these dewars, of which the company is aware, include bulk storage of

liquid oxygen for improvement of steel production, storage of liquid nitrogen for

use as a refrigerant to freeze perishables, and storage of liquefied gases for

medical use.

Graver Tank & Manufacturing Company

Chicago, Illinois

improved Any tank for the storage of liquid oxygen must be cleaned

tank with extreme care because of the danger of explosion,

cleaning should any trace of organic matter or other readily oxi-

techniques dizable substance remain. Tanks for the storage of

cryogenic fluids, because of the nature of their use,

usually require careful cleaning to preclude contamination. Also, any traces of

water or other liquid or vapor that can freeze at cryogenic temperatures must be

eliminated to prevent plugged openings and other troubles.

Rigid specifications and the large number of vessels involved in cryogenic

liquid handling for missile base installations required improvements in cryogenic

tank cleaning procedures. Graver Tank & Manufacturing Company developed,

with company funds, a chemical cleaning technique to meet the cleanliness and

particle size requirement for vessels to be used for the storage of liquid oxygen,

nitrogen, and other cryogenic fluids.

Similar techniques are now used in cleaning cryogenic vessels for commer-

cial use.

Martin Company

Denver Division

Denver, Colorado

liquid

hydrogen

technology

(potential)

The Denver Division of the Martin Company has a variety

of research focused on liquid hydrogen: how to measure

its level, stratification, temperature, and flow; how it

affects materials' properties; how to pump, insulate,

and store it; and how it reacts to nuclear heating, and to

zero gravity environment. The use and promise of liquid hydrogen as a rocket

and space vehicle propellant is the only current reason for this program. Al-

though there are no present commercial uses, liquid hydrogen is being considered

for application in the computer field. This application would call for the immer-

sion of entire matrices in cryogenic fluid to secure superconductivity. Liquid

hydrogen technology would be the foundation of such a development.
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Variousaspectsof theprogramhavebeenfundedbythecompanyandseveral
governmentagencies.

Althoughliquid heliumis generallythoughtof asthecryogenfor usewith
cryotronsin computers,liquid hydrogencouldalsobeusedwith somealloys.
It is muchcheaperthanliquid heliumandhasa higherspecificheat. (Thesame
quantityof liquid hydrogenwill absorbmoreheatthanliquid heliumwith less
changein temperature.) Its maindisadvantageis its combustibility.

2. Fluid Transfer Systems

From the time that the earliest systems were devised to use a fluid as a working

medium, problems concerning control of fluid flow have arisen. As solutions to these

problems were evolved, broader and more efficient use of fluid power resulted. To cite

an example, James Watt is credited with improvements for the first steam engine (1769).

His main initial contribution was the separation of the condenser from the steam cylinder,

the beginning of a system. As this power generation system was developed to provide

better performance, and as the turbine entered the picture, a closed system for control

of the working fluid was evolved. This system encompassed many mechanical devices

including pumps, auxiliary turbines, piping, valves, and seals. These devices controlled

the flow of the fluid, in both gas and liquid states, to and from the major system compo-

nents, e.g. , the boiler, main turbine, etc. In_provements in design and efficiency of these

auxiliaries to the steam engine kept pace with advancements in other technological areas

with mutual benefit being derived.

Today one or more of a wide variety of fluid transfer system components can be

found in almost any mechanical device which uses fluid as a lubricant or as a working

medium. These components have been adapted to the requirements of all types of indus-

trial applications involving fluid transfer equipment. Many of the applications are highly

specialized, such as in the cryogenic industry discussed in the previous section_

With the development of rocket powered missiles leading to space flight, engineers

were challenged with a great number of new system problems. A variety of liquids were

to be used which posed difficult handling problems. They could be extremely cold, noxi-

ous, highly reactive, intractable, or self-igniting. Not even a small amount of such a

fluid could be allowed to leak from the system. The environment in which some of these

components were required to function with high reliability also included high and low ex-

tremes of temperature and pressure. In general, the components used in the solutions

to these problems were basically like their counterparts in earlier systems, but with

special emphasis placed on reliability and weight reduction.

A typical example, which illustrates the complexity of problems mentioned above,

is that of the turbine-pump combination required to supply oxidizer and fuel to the rocket

engine. A system which has been used on many missiles involves a turbine which drives

both the fuel and oxidizer through a gear box. The high speed turbine is supplied with

high pressure gas, from a combustion chamber, which may have a temperature of 1800°F.

The gear box adjacent to the turbine must have its own supply and circulation system for

lubrication of gears and bearings. The oxidizer pump adjacent to the gear box may be

pumping liquid oxygen at -297°F. Two of the problem areas are immediately apparent:

that of preventing leakage of the incompatible fluids along high speed shafts, and that of

coping with the high thermal gradient across the gear box. These and other problems are

linked with specific components and discussed in more detail below.
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Pump s

A wide variety of problems, requiring special development in pump design, were

encountered by missile systems engineers. For the purposes of this discussion, however,

the example cited above adequately illustrates the implications of space requirements.

Centrifugal pumps were primarily used for pumping liquid oxygen to the rocket

engine. Cryogenic fluids had been previously handled by such pumps but not with such

high volumes and pressures as required by the rocket engine. A primary problem was

that of cavitation at the pump inlet. Cavitation occurs when the static pressure at some

point in the system drops below the vapor pressure of the fluid being pumped. Some of

the fluid flashes to vapor forming an instable gas bubble which then collapses when it

moves into a higher pressure area. When this happens, the pump discharge pressure

fluctuates, which can lead to oscillations strong enough to destroy the rocket chamber. 5

To overcome this problem, it was necessary to carefully control all design param-

eters affecting net positive suction head and to improve manufacturing processes and

eliminate surface roughness in the pump inlet and impeller. The addition of an inducer

to raise pump inlet pressure slightly was used in some cases.

Examples of pumps developed for the missile industry are described below, to-

gether with the nature of technological transfer to non-missile/space applications.

Sundstrand Corporation

Sundstrand Aviation Division

Denver, Colorado

centrifugal The Office of Naval Research sponsored an analytical

pump research investigation on low specific speed pumps and

turbines, performed by Sundstrand Aviation. The objec-

tive of this investigation was to determine which of many types of turbines and

pumps would provide optimum performance in various operating conditions appli-

cable to missile/space auxiliary power systems. The optimization technique

developed, using specific speed and specific diameter as parameters, proved to

be powerful and revealing.

By applying this technique of analysis to known problem areas in other fields,

Sundstrand has found commercial application for a high speed, single stage cen-

trifugal pump which had previously been used in missile applications. This un-

complicated, reliable pump design has been successfully placed in operation on

commercial jet aircraft and in an oil field application under the trade name

Sundyne. The potential for broader future use of this pump appears to be excellent.

Pyles Industries, Inc.

A Subsidiary of Kent-Moore Organization, Inc.

Detroit, Michigan

fluid Pyles Industries has developed machines and related

transfer accessory equipment to pump, meter, mix, and dispense

equipment single and multiple component fluid materials, primarily

in the production of plastic products. Originally, the

company manufactured hydraulic pumps for automotive grease, oil, sealers, and

paints. The growth of aircraft and missile/space industries linked the need for

these basic pumps to more sophisticated application equipment for handling multi-

component materials.
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Althoughthebasicconceptof aball valveis old, thewidespreaddevelop-
mentanduseof ball valvesby industryis recent. Ball valvesare similar to plug
valvesexceptthat theyoffer full roundflow anddonotrequire lubrication.

Hills-McCannadevelopeda specialball valvefor usein missile launchings
whichhadto passseveremechanicalandhydraulicshocktests. Shortlyafter the
successfulcompletionof thesetests, thecompanylearnedthata major builder of
tankcars wasinterestedin abottomunloadingtankcar valve. This typeof valve
wouldhaveto passsimilar testsbecausea mechanicalfailure couldbecostlyand
dangerous.Witha modificationof themissile valve, the companywasableto
offer a satisfactorytankcar valve. Thusthedevelopmentwentfrom a commercial
product,to a valvefor a specificmissileapplication,andbackto a commercial
valveofferinga substantialfuturepotentialin areaswherea standardcommercial
valvewouldnotbeacceptable.Industriesusingthesevalvescommerciallyinclude
petroleum,petrochemical,chemical,pulpandpaper,andallied processindus-
tries.

NorthAmericanAviation, Inc.
RocketdyneDivision
CanogaPark, California
soft
seated
valve s

Rocket propulsion activities engaged in by Rocketdyne

require valves that can perform difficult tasks. They

must be able to handle large amounts of liquid oxygen

while being soft-seated at low temperatures.

A valve already in existence was re-engineered by North American and

seated with such materials as Teflon, Mylar, and KeI-F. The engineering infor-

mation was passed back to the company that manufactured the original valve. This

company in turn began producing these valves and marketing them to the cryo-

genic s industry.

This valve development took place in conjunction with the construction of

test apparatus for the Navaho program in the late 1940's and was funded by the

Air Force.

Anderson, Greenwood and Company

Houston, Texas

safety

relief

valve

The stringent requirements of the Bomarc launching

system necessitates a high performance safety relief

valve. Anderson, Greenwood and Company, which de-

signed and developed the prototype equipment, developed

a new valve with company funds to meet this requirement. It was a soft-seated,

high pressure valve which became a standard in the missile industry.

This valve, with later improvements, is incorporated in safety systems

where fluid such as liquid oxygen, helium, hydrogen, and nitrogen is used.

The demand of _'_**emissile/space programs provided a sufficiently large

market for this high quality valve to enable the company to produce it at a com-

mercially acceptable price.
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Many of the company's present products were developed to meet a particular

requirement of the aircraft and missile/space industries in producing, assembling,

or finishing its products. Applications include: handling polysulphide sealant ma-

terials; aiding space electronics suppliers in automating potting and encapsulation

production; spraying epoxy coatings; and for application of polyesters, ablation

materials, urethane foams and insulations.

Commercial uses of this equipment include: the application of polysulphides

in automotive windshield sealing and assembly of truck trailer skins; bonding in-

dustrial products such as radio speaker magnets; potting electric motors; spray-

ing and flowing polyether and polyester foams; and making FRP boats and other

structures. All developments have been funded by the company.

North American Aviation, Inc.

Rocketdyne Division

Canoga Park, California

pump As a result of the need for a pump which would deliver

inducer large amounts of fuel to a rocket engine, an ordinary

centrifugal pump was redesigned by North American Avi-

(potential) ation. A pump inducer was added to the pump. This is

a screw type mechanism which starts the flow of fluid before it actually reaches

the pump. According to the company, this development raises the over-all effi-

ciency of a centrifugal pump and may be extensively adopted for pump applications

in many industries.

Valve s

The requirements of missile systems made necessary the development of valves

which were basically like those used in commercial applications but which had unique

characteristics. Very rigid requirements for reliability and high performance were im-

posed and components usually had to be made smaller with a corresponding reduction in

weight. One example is a valve used in the liquid oxygen (LOX) supply line to the LOX

pump in a missile system. This valve must remain tightly shut while the gox tank is

being filled. The thermal shock imposed when the valve at ambient temperature is sud-

denly filled with fluid at -Z97°F posed a major problem to valve designers. Unequal con-

traction of hard valve surfaces led to leakage. Soft seat materials were adopted to com-

bat this problem. The valve must also be quick opening and allow very high flow rates

with very low pressure drop across the valve. Finally, these valves are remotely oper-

ated and must function with a high degree of reliability despite ice which collects on ex-

ternal surfaces of a cryogenic valve.

Other types of valves requiring redesign to meet the rigid requirements of mis-

sile/space systems include pressure control and relief valves, hydraulic servo valves,

and flow control valves for both high and low temperature extremes. Many of these im-

proved valve designs are finding application in commercial systems, as illustrated below.

Hills-McCanna Company

Carpenter sville, Illinois

ball

valve s

Hills-McCanna Company has adapted for commercial

application a ball valve which was developed for use in

missile launchings.
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Commercialapplicationsare similar to missile/spaceuses--control of pres-
surein a varietyof systems: polyethleneplants, compressorstations, chemical
andpetrochemicalfacilities, andpipelineandtransmissionsystems.

KieleyandMueller, Inc.
Middletown,NewYork

improved

control

valve s

and

r e gulato r s

Kieley and Mueller has improved an existing valve to

meet missile/space requirements. The improvements

give higher capacities per valve, lower weight per valve,

faster speeds of operation, and tighter shut-off than was

previously available. The development, funded by the

company, was motivated by requirements for improved

equipment to load liquid fuels and oxidizers into launch vehicles.

The improved valves are beginning to find commercial applications; for ex-

ample, they have been sold to a commercial company which manufactures oxygen

for an acetylene process. In addition, Kieley and Mueller is making efforts to

market these valves for low temperature helium separation processes.

Hoke, Inc.

Cresskill, New Jersey

improved

stainle s s

steel

valve s

Hoke produces stainless steel valves for liquid metal

service. These valves were originally developed for

nuclear applications. The revival of activity in alkali

liquid metal research by the missile/space program has

necessitated improvements in these valves for use in

research on nuclear engines for space vehicles.

Present non-space application of these valves is in nuclear power stations.

They are also used in research involving high temperature fluids. These develop-

ments were funded by the company.

Seals

No basically new approaches were made on the problem of making missile fluid

systems pressure tight but innovations, material changes, and design improvements were

made necessary by the new requirements of missile systems. The major problems en-

countered resulted from the extremes in temperature, pressure, and vibrational environ-

ment in which seals must function reliably. Generally the static seals, as used to seal

flanges, embody either the "O" ring principle or are self-loading; in both cases an in-

crease in fluid pressure causes an increase in tightness of the seal. This also applies

to dynamic seals, such as those used on a piston rod, but the design of this type seal is

quite different. Mechanical seals, such as the face type dynamic seal used on high speed

rotating shafts are pressure balanced so that the unit load on the face is nearly constant

over the fluid pressure range for which it is designed to operate. The secondary seal in

such a mechanical sealing arrangement is usually an elastomeric material, but a welded

metal bellows has been devised which provides for a more positive secondary seal. Elas-

tomeric materials usually used for "O" ring type applications are the fluoroelastomers

(Teflon, KeI-F) because of i) the wide temperature range over which they can work effi-

ciently, Z) their chemical inertness, and 3) their excellent wear properties.
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Some of the seals which were developed for the missile/space industry are now

finding commercial applications, as described below.

Harrison Manufacturing Company Harold E. Webb Company

Burbank, California Technical Representative s

Burbank, California

metallic A special metal seal was developed, with company funds,

static by Harrison Manufacturing Company for use in fittings

seal which were giving considerable difficulty in sealing under

the extremes of temperature and pressure experienced

in the Atlas missile. The seal is all metal, with metal coatings particularly re-

sistant to radioactivity, and is applicable in installations where exotic fuels or

gases are mandatory. In addition, it is resistant to cure dates resulting from the

use of elastomers.

Commercial use of these seals is in high and low temperature applications

in industry, such as deep well oil drilling, liquefaction of gases, and atomic

energy installations. To date, the non-space sales volume has been limited. The

company feels there are also potential uses in the pharmaceutical, chemical, and

food processing industries.

North American Aviation, Inc.

Los Angeles, California

cryogenic To meet the requirements involved in delivering liquid

pump seals oxygen to rocket engines, North American Aviation

helped develop an improved pump seal. These improved

seals will operate at cryogenic temperatures and are compatible with liquid oxygen.

Increased use is expected throughout the cryogenic industry, including many non-

missile/space applications.

Navan Products, Inc.

Subsidiary of North American Aviation, Inc.

E1 Segundo, California

Natorq In the process of solving a test equipment problem in its

metal own laboratories, the Autonetics Division of North Amer-

seals ican Aviation developed a metal seal which is leak-proof

through wide ranges of temperature and pressure (-360°F

to i, Z00°F; 0 to i0,000 psi). The problem which prompted this development was

the necessity of a liquid rocket plumbing system to handle fluids which vary greatly

in temperature and pressure.

The seal deforms with torque to become an integral part of the fitting; the

seal and fitting can be repeatedly reassembled. Natorq seals have been used on

many of the nation's missile, airplane, and rocket engine systems. They may

be used in any hydraulic, pneumatic, gaseous and liquid nitrogen, oxygen, and

helium system.

This seal is now marketed by Navan Products, Inc.
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3. Miscellaneous

FMC Corporation

New York, New York

strength

hydrogen

per oxide

Prior to World War II, hydrogen peroxide was only

available in concentrations up to 50 percent strength

(half peroxide, half water). During the war, a need de-

veloped for more concentrated solutionsj first as a fuel

for chemical submarines and later as a monopropellant

or oxidizer for liquid rockets. The successful development of the atomic sub-

marine resulted in a slackening of interest in high strength peroxide for this use_

but rocket applications continue.

Hot gases from the catalytic decomposition of high strength peroxide were

used to drive the fuel pump in the Redstone missile which served as the first

stage of the vehicle which launched the first U. S. satellite. The fuel pump, APU

(Auxiliary Power Unit) system, and reaction control jets on the X-15 are all

powered by high strength peroxide. Similarly, the reaction control jets on the

Mercury capsule and other maneuverable satellites utilize peroxide as a monopro-

pellant; Concentrated H202has also been proposed as a source of energy, breath-

ing oxygen and water for space flight applications.

HzOz is a useful material for the introduction of active oxygen into numerous

commercial chemical compounds and appreciable quantities of HzOz are used for

this purpose. For some of these reactions, high strength peroxide is preferable

or even mandatory. Therefore, the present availability of 90 percent HzOz (made

possible largely by missile/space requirements) has had a salutory effect on the

growth of numerous oxygen-containing chemicals. The industries presently using

high strength hydrogen peroxide for chemical manufacturing include those inter-

ested in epoxidation and hydroxylation reactions. The more important epoxida-

tion products made in this way are plasticizers and stabilizers for vinyl resins

(epoxidized soy bean oil being the prime product) and insecticides (Dieldrin and

Endrin ).

The initial process work leading to 90 percent HzOz was funded by FMC.

Applications work was funded primarily by the Department of Defense plus some

NASA funding on the Mercury program.

California Institute of Technology

Jet Propulsion Laboratories

Pasadena, California

wire wound In 1950-1951, Jet Propulsion Laboratories had an Army

filters contract to investigate ways of constructing a porous,

yet rigid, material to be used as part of a rocket motor

wall. Porosity was needed because the rocket fuel was to be forced through the

wall on its way toward ignition, thereby serving the dual purpose of coolant and

propellant.

A by-product of this effort was the development of a "wire wound filter. "

This filter is made from a helical winding of wire which is cylindrical in shape--

much like a ball of string. The total configuration is heated to fuse the points at

which the windings come into contact, and the end result is a cylinder of porous

metal. These are now being used commercially and by the government to filter

oil, gasoline, and other fuels. The Bendix Corporation is one producer of wire

wound filters.
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F. FABRICATION

i. Filament Winding

Filament winding is the manufacturing process by which reinforced plastic struc-

tures are produced by winding a resin-impregnated fiber material around a mandrel of

the desired shape and then heating the assembly until the resin is cured. The fiber ma-

terial is generally glass and the resin is usually of the epoxy type. Two types of winding

are used, helical and biaxial. Helical windings use a varying pattern to optimize strength

in either the hoop or longitudinal direction, while biaxial winding is essentially circum-

ferential or longitudinal with variations to accommodate specific loads.

By the use of a combination of oriented filaments, the maximum advantage can be

taken of the strength of the fiber material. Earlier fiberglass reinforced types of plas-

tics were composed of woven cloth in which the kinking of the fiber during weaving intro-

duced a shear stress which lowered the load-carrying capacity of the composite structure.

The theory of single filament winding was evolved about 1947 and testing was

started, i However, the process was not successful until the advent of improved epoxy

resins. Filament winding was used for 3000 psi pressure bottles for jet aircraft start-

ers in 1951. z Walter Kidde and Company developed a small air pressure bottle capable

of holding 650 cubic inches of air under a pressure of 3000 psi to replace metal storage

spheres used as actuators for aircraft hydraulic systems. I Aerojet developed pressure

bottles for the Air Force's Aerobee high altitude research rocket to contain nitrous oxide

at a pressure of 3,000 psi, the first recorded use of a filament wound structure in the

rocket industry. 3 Subsequent rocket chambers were made by filament winding for several

rockets, including Polaris and Minuteman.

The main advantages of a filament wound structure are its strength-to-weight

ratio and its non-conducting and corrosion resistance characteristics.

Today, filament wound rocket motor chambers are being used in the Polaris and

Minuteman systems. According to P. L. Layton of the Owens-Corning Fiberglass Cor-

poration, the production of rocket motor chambers for Polaris and Minuteman will be

done exclusively by the filament winding method by 1964.4

After the initial work by the aerospace industry demonstrated the advantages of

this type of structure, civilian applications have been forthcoming, as are illustrated

by the following items identified during this study:

Lamtex Industries, Inc.

Farmingdale, New York

Hystran( R )

filament wound

reinforced

plastic

Although the filament winding principle has been known

for several years, the missile/space effort has led to

considerable refinement in technique. An example is

Hystran, a filament wound reinforced plastic pro-

duced by Lamtex Industries, Inc. of Farmingdale, Long

Island. Recognizing the applicability of filament wound containers to rocket con-

tainers and pressure vessels for rockets, Lamtex developed advanced filament

winding techniques. Most of the development was funded by Zamtex.
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Some of the major missile/space projects now using Hystran include:

Minuteman, Mercury, PoIaris, Pershing, Scout, Bomarc, Ranger, Nike-Zeus,

Vortac, Discoverer, Bolt, Law, and a variety of NASA projects.

Biggest in commercial potential is the turning of Lamtex capability to such

product areas as air tanks for truck brake systems, automotive parts, truck and

railroad tank cars, and chemical tanks. While none of these has been produced,

negotiations are underway. Experience gained in making large rocket chambers

enabIes Lamtex to produce an 8,000-gallon railroad tank car weighing 5 tons less

than a conventional steel car.

A current by-product of Lamtex capability is a filament wound brassiere

support. The supports are used by many manufacturers to replace conventional

metal supports.

In addition, Larntex has developed filament wound pipe and tubing and hopes

to applyHystran for auto and boat bodies, construction materials, and "hot

sticks" for handIing high voltage lines.

Black, Sivalls & Bryson, Inc.

Ardmore, Oklahoma

filament In 1957, Black, Sivalls & Bryson, Inc. obtained a li-

winding cerise from Young Development Company to do filament

winding to make oiI field tanks used in the storage of

corrosive chemicals. Large (12' in diameter by 20' high) 17,000-gallon tanks

were deveIoped with the idea of producing a low cost, corrosion resistant tank

for the oil industry. However, in 1957-58, when the oil industry suffered a slump,

the company decided to build tanks for other users such as the food industry, wine

industry, and chemical industry.

Meanwhile, the company had had inquiries from the Air Force and Navy

and in 1958 did research on filament _vound rocket motor chambers. As a result

of this work, Black, Sivalls & Bryson is now fabricating the motor chamber

(the chamber containing the solid fuel) for the second stage of the Polaris missile

and for the third stage of the Minuteman missile.

Although the company's commercial product iine is in no way a direct re-

sult of the missile/space program, the company states that the program has had

one significant effect on its commercial line: as a result of Polaris and Minute-

man work, the company is able to draw ona much broader base of glass filament

and resin technology.

The company's product line includes a family of 17,000, 12,000, 8,600,

4,600, and 1,800-gallon vertical tanks and a family of 1,100, 560, and 300-gallon

horizontal tanks, and underground storage tanks. These tanks are sold to firms

storing hydrochloric acid, phosphoric acid, corn syrup, wine, alum solutions and

anirnai feed.

The tanks are produced by passing the glass f_lament through a resin and

catalyst bath over a mandrel and oven-curing the tank at 375°F for three hours.

This results in a high integrity, high strength-to-weight ratio, corrosion resis-

tant structure.
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2. Chemical Milling

Chemical milling is a process used to uniformly remove metal, at a controlled

rate, to change the dimension or shape of metal parts. The first step in a chemical

milling operation is the application of masking material (usually a neoprene) to cover the

part to be milled. Next, those portions of the surface to be milled are scribed and

stripped. The third step is immersion in a vigorously agitated basic or acidic bath where

the milling process takes place. Finally, the part is removed from the bath, the chemi-

cal neutralized, and the mask removed. When more complex shapes are desired, the

part may be remasked and remilled several times, s

Why is this process different from the old art of engraving which dates back to

the 16th Century in the halftone photoengraving process? The main difference is that the

objective of chemical milling is to remove a large amount of metal over fairly large sur-

face areas, while etching is a process of removing very small amounts of metai, a little

at a time. 6

Chemical milling was the solution of a relatively small problem at the guided mis-

sile plant of North American Aviation in Downey, California. To make a rocket casing,

a cylinder made of thin aluminum sheet had to be butt welded, but the weld failed repea-

tedly because of the thinness of the contact edge. Planing a thick sheet to leave a lip at

the edge to be welded would be expensive; using a thicker sheet would have created an

unacceptably high weight. 6

Manuel Sanz, Chief of the North American research group, solved the problem by

suggesting that the cylinder be made of relatively heavy gage aluminum and placed in a

corrosive bath, covering the edges with some form of masking to protect the edge to be

welded. The idea proved feasible; this first use of "chemical milling," as Sanz called it,

occurred in August 1953. North American applied for a patent on the process which was

granted in 1956.6

North American Aviation has made Turco Products, Inc. of Wilmington, Califor-

nia, its prime licensee for the process. Turco has made improvements in all phases of

the process as originally developed and holds many patents on these improvements. (See

the Navan Products description following this introduction for more detail. )

Advantages of the process include: I) elimination of weight unnecessary to struc-

tural strength, after an intricate part has been formed; 2) ability to mill after heat treat-

ment without affecting the heat treatment condition, and avoidance of warpage which could

occur if parts are heat treated after milling; 3) attainment of tolerances as close as:k. 002

inch; 4) production of inexpensive contour or tapered shapes through controlling the rate

and way in which parts are immersed in the chemical; 5) uniform reduction in thickness

of sheet metal, leaving strengthening ribs if necessary; 6)production of complicated

shapes eliminating the necessity for welding or riveting various parts together; 7) rela-

tively small investment in equipment; and 8) ability to machine many alloys difficult to

machine by conventional methods. V

However, there are several disadvantages to the process. Where the work can

be machined by ordinary methods, chemical miiling may not be able to compete on a cost

basis. The scribing operation does not lend itself to automation. Grain-size internal

stress and contours which may trap gas bubbles all affect the rate of milling in localized

areas. Internal corners are not squared but rounded, and previously locked-in internal
v

stress may be released, causing the part to warp.



139

Aluminum, magnesium, titanium, tooled steels, stainless steels, monel, Iconel,

and various superalloys have been milled chemically with success. Molybdenum, tung-

sten, beryllium, and tantalum have been milled but experience is lacking. 5

Examples of transfer follow.

Navan Products, Inc.

Subsidiary of North American Aviation, Inc.

E1 Segundo, California

Chem-Mill Chem-Mill is the trade name for chemical milling.

Chem-Mill offers commercial industry many advantages.

Complex designs can be produced; the conventional procedure--cutting the mate-

rial into parts, machining and refabricating--is eliminated. Design changes are

relatively easy to make, and Chem-Mill is an economical way to mass produce a

part where design change is the rule rather than the exception.

The chemical milling process, developed in 1953, solved the problem of

thinning an aluminum sheet for a rocket casing, but leaving the edge of the sheet

thick enough for a butt weld. Because the method helps solve several problems

common to the aerospace industry (production of complex, light weight shapes,

frequent design changes without expensive retooling, and maintenance of high

standards of accuracy), it received much impetus for further development. As

a North American invention, it has been licensed through Navan Products, Inc.

to Turco Products, Inc. of Wilmington, California, as prime licensee, and

through Turco to about 80 manufacturers and processors.

Because the Chem-Mill process met requirements of the aerospace indus-

try (many complex missile skins and members would never have been produced

without the Chem-Mill process) applications by licensees have been most evident

in this industry. However, the automotive industry is currently investigating

applications of the process. Significant developments have been made on auto-

mation of the process, a prime requisite for commercial use.

Turco Products, Inc.

Wilmington, California

Chem-Mill Turco Products, Inc. of Wilmington, California, has

produced many advances in the basic chemical milling

process since North American Aviation made it the prime licensee in 1953. These

improvements have taken place in all areas of the process--chemicals, maskants

equipment, and techniques. Turco now holds 24 patents while North American

holds nine.

In turn, Turco has licensed the process to every major American aircraft

manufacturer and to many small job-shop companies. Some of these are: Chemi-

cal Milling International Corporation_ Chemical Contour, Strazza Industries,

Chemtronics, Inc. , Altamil Corporation, and Anadite Corporation.

Outside the missile/space field, the Chem-Mill process has been used on

almost every American airframe produced in recentyears. Examples include

the Boeing 707 and 720_ the Douglas DC-8, and the Convair 880 and 990.
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Outside the aerospace industry, the application of Chem-Mill has been

limited. At one time it was used to make trunk lids for automobiles but the pro-

cesswas discontinued. It has been used to make parts for certain types of office

equipment. Turco hopes to develop more non-aerospace business in the future.

The company feels that two important factors have held back its non-aerospace

use to date. First, the aerospace business has pre-empted most of the capacity

of Turco and its licensees. Second, a considerable amount of time and money

must be spent in marketing the process to industries unfamiliar with chemical

milling.

3. High Energy Forming

Today's demands in metalworking for more precision, more intricately shaped

parts, and large sizes are causing new developments in some unusual metalworking

techniques known as high energy forming. Most of these demands, and hence develop-

ments, are in the aerospace industry. A11 techniques have the same basic characteristic

in that they utilize high rates of energy to form metals. The various sources of energy

are: explosive charges, combustible gas mixtures, and high voltage capacitor banks. 8

Explosive forming is the oldest of these techniques and currently the most common type

of high energy forming.

Explosive Forming. In this technique the sheet of metal to be formed is placed

over a female die. The cavity between the sheet of metal and the die is evacuated and the

die and piece of metal are placed in a tank of water. An explosive charge, shaped in ac-

cordance with the job to be done, is placed in the water a calculated distance above the

metal sheet. When the explosive is detonated, the metal is rammed into the die. A

small amount of explosive will produce forces far in excess of the largest hydraulic

press. Those knowledgeable in the field are in agreement that this process has certain

advantages for some metalworking operations. Deep drawing, flanging, and sizing oper-

ations can be performed at a lower cost with explosive techniques than with conventional

processes and equipment. 9

Much of the research that has been done in this field has been sponsored by the

United States government. One report states, however, that most of the government-

funded research has been for the application of this process to the iabrication of specific

missile and aircraft parts and not for basic research. 10

The process of using a large, controlled burst of energy such as explosive form-

ing for metalworking began in the late 19th Century. At that time, several patents were

issued on a process using shaped explosive charges to emboss and forn_ n_etals. Early

uses of the process included the fabricating of ornate doorknobs and brass spittoons. The

process was little used, however, until six or seven years ago when aerospace companies

began exploring its possibilities as a method of shaping hard-to-form metals.

Since that time the aerospace industry has led in the development of this process.

There has been a great deal of interest in its use for the fabrication of titanium and zir-

conium alloys, the refractory metals, and other metals having properties suitable for

missiles and advanced aircraft, ii

The advantages of explosive forming over conventional metal forming methods

include :
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a. Themethodis particularly suitablefor partsneededin small quantitiesbecause
of low die andequipmentcosts. Onlyonedie is necessaryas comparedto two
for mostprocesses. In addition,materialssuchasplaster, wood,or concrete
canbeusedfor diesin someinstances. Softalloys, epoxyresins, or low-
carbonsteelmaybeusedwhengreaterquantitiesof parts are required. Tool-
steelswouldprobablybeusedfor moresevereuses.iz

b. Tolerancesin theorder of ±.002inchesare easilyobtainedbecausespringback
is minimized.13Closetolerancesdownto±.001inchescanbeobtainedif a
longerforming cycleandbetterdies areused.14

c. Manylarge shapesandunusualforms arebeyondthecapabilitiesof conventional
toolswhereasexplosiveformingis particularly applicableto theseneeds.

d. Thereis anexcellentuniformityof the parts produced.

e. It has characteristics which aid in everyday engineering productibility such as:

the ability to form re-entrant corners, to shape metal in a vacuum or in place

in a subassembly, to true up already fabricated structures, and to add cut-outs

or stiffening beads to them. 8

The disadvantage of explosive forming is the associated noise and hazard problem.

Polaris missile heads and missile fuselage sections have been fabricated by this

technique. It is also being used to expand symmetrical cylinders and cones of complex,

unusual profiles.

The opportunities for using explosive forming in non-missile/space applications

should become more apparent as the result of advances made by the aerospace industry.

Industries for which uses are readily visualized include the automobile field in the pro-

duction of truck and automobile bodies in limited quantities, and the chemical and petro-

leum industries for forming tanks, heads, towers, and similar pieces of equipment in-

volving large shapes of high-strength materials. 15 This is not to imply, however, that

this process is likely to replace forming operations that are easily done with current

methods and machinery.

Combustible Gas Mixtures. Similar to the explosive forming technique, this

method appears more adaptable when the part to be formed is thin and rupture is likely

if the pressure is distributed unevenly. The metal is formed by igniting a gaseous mix-

ture in a closed die, usually hydrazine and oxygen. If the gas mixture can be ignited in

a uniform manner it produces a change of optimum shape because the energy source as-

sumes the shape of the container. This technique is also used as a supplement to explo-

sive forming when the quantity to be produced is high enough to make open-tank explosive

forming uneconomical. This technique was developed at the Boeing Company. 8

High Voltage Capacitor Banks. Other high energy forming techniques which are

based on the conversion of electrical energy into mechanical energy include electro-

hydraulic and electromagnetic processes. In the electrohydraulic method, a massive

electrical discharge from abank of capacitors sends a shock wave through water to form

the metal against a die. The electromagnetic technique builds up a high repulsive mag-

netic field in the work piece to collapse it to shape in a die. i_

Electrohydraulic equipment for fabricating titanium, columbium, stainless steels,

tungsten, beryllium and their alloys has been developed by the General Electric Company

at Schenectady, New York. ;7



142

The first electromagnetic metalforming machine for industrial use is reportedly

in production at the General Atomic Division of the General Dynamics Corporation.

Both of these techniques show promise of being more adaptable to indoor assembly

line production than explosive forming.

The following examples are somewhat typical of work being done by firms in the

aerospace industry and illustrate the contribution of missile/space activity to the tech-

nology of high energy forming. One description shows that some commercial application

is already taking place. It is the general consensus that more commercial applications

will occur as the methods are perfected and industrial managers become aware of their

advantages for particular operations.

North American Aviation, Inc.

E1 Segundo, California

explosive Although studied by the Los Angeles Division a number

forming of years ago, development and refinement of the method

were undertaken by North American's Rocketdyne Divi-

sion. North American is now setting up a new (separate) facility to do high energy

forming. It is a manufacturing process which may have a large potential for com-

mercial application.

Rocketdyne started using the process in 1956 in connection with tube-end

forming and later started forming larger sections such as tank-ends.

North American Aviation is doing high energy forming for some customers

outside the missile/space industry. One job in particular is for the Braun Citrus

Company, consisting of a stainless steel feed wheel for orange juice squeezing

requiring very close tolerances and fabricated from a high yield point material.

Another is for Watervliet Arsenal in connection with gun bore evacuators and

cladding tubing.

Non-missile/space industries most likely to use high energy forming in the

future are those engaged in sheet metal forming, tank-end forming, tube forming,

hole punching, automotive manufacture, and marine vessel fabrication.

Martin Company

Denver Division

Denver, Colorado

explosive

forming

(potential }
division's primary goal in this effort is the forming of

120" diameter ellipsoidal tank domes for missiles from one-piece, weld-free,

flat aluminum blanks.

Martin-Denver's interest in this known technique was

prompted by the fact that it showed promise for the pro-

duction of certain large metal forms for missiles. The

Martin-Denver's contributions to the technique of explosive forming include:

i. Development of scaling laws of explosive forming has allowed the re-

sults of small scale experimentation to be applied to the production of

large, full-scale parts. This reduces the high cost of the earlier trial

and error method of establishing inter-relationships between shell
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diameter, shell depth, and explosive charge, and the formability limits

of various kinds of stock.

2. A "plug cushion" method has been developed and a patent disclosure

filed by the company. The so-called "plug _' is a sheet of soft lead

placed over the work to be forrn/ed. The plug distributes the shock wave

of the explosion more evenly and controls the mass movement of the

metal helping it to stretch evenly. The process shows promise of in-

creasing the formability limit by a factor of five, and raises the possi-

bility of free-forming many shapes and dispensing with the female die.

3. Surface treatment techniques have been developed that impart better

ductility to the metal being formed.

4. A new technique for forming honeycomb structures explosively is show-

ing very good promise.

It is anticipated that the process of explosive forming can be used commer-

cially in forming a variety of metal shapes, both large and small, and in the areas

of welding and heat treating of metals. It should prove economical, particularly

for very large metal shapes.

Martin-Denver's work in this area has been company funded.

The Marquardt Corporation

Manufacturing Division

Ogden, Utah

explosive In 1957, Marquardt became interested in the explosive

forming metalworking process as a possible means of reducing

fabrication time and cost in the production of ramjet
(potential)

engines for the Bomarc missile. Initial R & D was con-

ducted at Hill AFB (Ogden) with cooperation of the Ogden Air Materiel Command

and the Z5th Ammunition Division. The program resulted in the successful pro-

duction application of explosive forming techniques to six structural components

of the ramjet engine. In 1959, Marquardt built its own explosive forming facility.

A wide variety of explosive working operations are either in current use at

Marquardt or being studied for possible future applications In general, the most

advanced operations are those which approximate conventional metalworking, while

those in the least advanced stage of development are the ones most dissimilar to

conventional methods and which frequently involve very different concepts of metal

behavior.

Explosive operations used in current production include forming, sizing,

and flanging of sheet metal stock or plate. Other operations in varying degrees

of usage or advancement are controlled work hardening, welding, extruding, and

controlled cutting and perforating.

Where explosive metalforming techniques have been applied, considerable

economies have been realized through simplification of tooling and elimination of

hydraulic presses, spinning machines, or other related expensive equipment. It

has proven especially advantageous where a limited number of parts are desired

and tool and equipment amortization represent a large portion of the production

cost.
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Facilities for explosive working of metal parts ranging from hand-size ob-

jects to large pieces requiring dies up to i0 feet in diameter are available at

Marquardt's production facility on a job-lot contract basis, and plans for develop-

ing larger facilities are underway, is

Marquardt reports that practically all of its current work is for use in mis-

sile/space programs. Some experimental work is being done for commercial

uses: for example, the production of large water valves for the University of Utah.

The company believes most commercial applications of this technique will involve

the forming of large tanks and similar items.

4. Solid State Bonding

The terms "solid state bonding" and "diffusion bonding" are synonymous. The

process is used for metal-to-metal bonds. Clean, closely fitting surfaces are brought

together under the application of pressure with or without the application of heat. In this

process the parts can be visualized as "growing" together, the atoms or molecules of one

part diffusing into the atoms or molecules of the other. The proximity of the parts on a

molecular level, and the resulting inter-molecular attraction, form the bond. No melt-

ing is involved.

The cleanliness of the surfaces is an extremely important factor. Soft metals can

be bonded in air but only by drastically deforming to attenuate the oxide film. Protection

of the surfaces from atmospheric contamination by the use of an ultrahigh vacuum permits

bond formation with very little plastic deformation. Some deformation is necessary to

insure full contact. Extremely smooth surfaces are not necessary if one of the pieces is

soft and is slightly deformed. However, two hard surfaces will bond only if extremely

smooth and either flat or of exactly the same contour. If the parts involved do not lend

themselves to diffusion bonding, an intermediate metal layer may be employed to effect a

better bond.

Diffusion bonding cannot be considered really new since all forms of welding in-

volve a diffusion process. However, welding techniques typically bring the interface to

a molten condition and diffusion takes place. The fact that materials placed in good con-

tact would diffuse into one another has been known for many years, but this process has

not been used on a practical basis until very recently.

In 1957, Storchheim described the use of hot pressure bonding in the cladding of

a wide variety of metals. 19 Evans, in a prepared memorandum on diffusion bonding in

1960, summarized the developments of the technique to date. He stated that applications

of diffusion bonding processes in fields other than nuclear engineering were limited, but

that interest was spreading. In particular, savings in complex and expensive "missile

age" materials through diffusion bonding techniques were a possibility, z0 More recently,

Feduska and Horigan of the Materials Laboratories, Westinghouse Electric Corporation

discussed a practical method for the diffusion bonding of high temperature alloys using

beryllium intermediate strips, zl

The original impetus for diffusion bonding seems to have come from the nuclear

reactor field, primarily as a result of its ability to save expensive material in the process

of cladding fuel elements. However, solid state bonding has received much impetus from

the missile/space industry because: the process must be understood to keep materials from

sticking together in space; it provides a good way to join electronic components; it will

join metals to non-metals; the joint structure has properties approaching that of the ma-

terial itself; and the bond is exceptionally clean.
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Examples follow.

NationalResearchCorporation
Cambridge,Massachusetts

solid NationalResearchCorporation,undera contractwith
state NASA'sGoddardResearchCenter, hasbeeninvestigat-
bonding ing the mechanism of solid state bonding and methods to

(potential) prevent metals from bonding to one another in space. At

room temperature in a vacuum, pieces of mild steel

stuck to each other so tightly as to require forces one-fifth as great to break the

joint as to break the steel itself. At 300°C, joints had one-third the strength of

the steel and at 500°C were up to 96 percent perfect. Copper stuck to itself with

60 percent of its natural strength at room temperature.

Solid state bonding involves forcing two extremely clean metal surfaces to-

gether in an ultrahigh vacuum until they diffuse into each other forming a single,

homogeneous metal. The ultrahigh vacuum prevents contamination and thus per-

mits the surfaces to lock on contact.

This process suggests vastly improved means of joining metal parts such

as electronic components. Unlike soldering or brazing, the solid state bonding

can yield a blending of two separate parts with the desirable physical and electri-

cal characteristics of the bulk metal. This could be an important development

for both the aerospace and electronic component industries. Any practical appli-

cation of this process, however, will require a great deal more work in ultrahigh

vacuum and bonding techniques.

North American Aviation, Inc.

Los Angeles Division

Los Angeles, California

diffusion

bonding

The Los Angeles Division of North American Aviation

became interested in diffusion bonding because of its

work on honeycomb brazing for the B-70 in 1961. Work

was pursued through a company funded research program because of its possible

advantages to many aspects of the aerospace programs. The Los Angeles Divi-

sion currently has a contract with ASD to do research on solid state bonding and

its application to hypersonic vehicles--both aircraft and winged re-entry.

Advantages of diffusion bonding include: i) The bond is strong and homo-

geneous. 2} Metals, such as refractory alloys which are brittle when welded, can

be joined with this process. 3) Original properties of the material are not lost

in the process and the bond becomes an integral part of the piece.

The process has been used by North American's Atomics International Di-

vision to clad fuel elements for nuclear reactors. Potential uses in other areas

are being evaluated; for example, North American expects to see it used to make

lightweight structures for future hypervelocity vehicles.
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5. Miscellaneous

Westinghouse Electric Corporation

Pittsburgh, Pennsylvania

clean The clean room is used to provide a sterile environment

rooms in which to manufacture products that must be protected

from contamination. Prior to the missile/space pro-

gram, Westinghouse utilized clean rooms in its atomic energy programs. In the

last five years, however, the missile/space program has placed considerable

emphasis on miniaturization. One result has been the improvement and greater

use of the clean room in manufacturing this miniaturized equipment. Contamina-

tion, temperature, and humidity levels which could be tolerated previously were no

longer acceptable. The clean room is now being used to eliminate contamination

to the sub-micron size, and also to control the temperature and humidity more

exactly.

Present commercial applications of clean rooms include uses in the pharma-

ceutical, optical, and photographic magnetic tape industries. Since other indus-

tries are beginning to utilize miniaturized components, it is probable that the use

of clean rooms will become more important commercially in the future.

The results of a recent Westinghouse survey indicate that the number of

clean rooms in use will increase four to five times in the next three years. Most

of this immediate increase will be due to the missile/space programs.

This is an example of an item which was developed and used prior to the

missile/space program, improved because of missile/space requirements and

subsequently has found broader commercial application because of more wide-

spread knowledge of savings resulting from its use. In other words, the missile/

space contribution to clean room technology has been improvement and dissemina-

tion.

The Boeing Company

Associated Products Division

Seattle, Washington

fluidized

bed

furnace

This heat treating furnace is similar to a molten salt

furnace, but uses a "f!uidized bed" rather than salt.

The bed is a volume of granular particles through

which air or other gas is circulated. The resulting

active air-and-particle mixture behaves much like a fluid. The gas is usually

introduced through the porous bottom of the furnace. Items to be treated are sus-

pended in the fluidized bed and quickly reach the bed temperature. The air-particle

mixture transfers heat from the source to the item more quickly than does gas.

Temperature control and range are more flexible than with salt baths. The violent,

random movement of the particles provides a uniform temperature throughout the

bed.

Several advantages are offered by this furnace over conventional heat treat-

ing furnaces. It provides rapid heat transfer and thus more accurate tempera-

ture control, cutting manufacturing costs. It reduces the amount of carbide phase

formation and helps ease other metallurgical difficulties. The inert particles
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which form the bed also eliminate other problems encountered with salt baths,

such as deterioration of the salt, danger of decomposition and explosion, loss of

salt which clings to the treated part when it is withdrawn, size limitations, and

the corrosion and cleaning of the treated material.

The furnace can be operated from -I00 ° to about 3,000°F with the same

fluidized material. Temperature can be maintained within +5°F at a temperature

of 2,000°F or more with uniform (+2°F)heat distribution throughout.

Development of this furnace was necessitated by a problem Boeing encoun-

tered on one of its missile programs. Similar furnaces were available, and had

been for some time, but they were found to be inadequate to solve this particular

problem. Several of these fluidized bed furnaces are now in successful commer-

cial operation in such applications as the heat treating of small investment cast-

ings.

Associated Testing Laboratories

Wayne, New Jersey

temperature As a result of greatly increased reliability demands ini-

chamber tiated by the missile/space program, Associated Testing

Laboratories has found that many companies require more

extensive test facilities than were previously necessary. This has made feasible

the development of a relatively low priced temperature chamber, based on the

company's seven years of experience in the environmental testing field.

Developed originally for testing rocket and missile components, the device

is now used in both continuous production line sampling and in the laboratory.

The electronics industry is the primary user. The device occupies a little over

a cubic foot of space and has an internal test chamber which is ll"Xl2"×5". Its

temperature range is from 350°F to -100°F with a control capability of +2°F.

Heating is through a 115 volt resistance element and cooling is by liquid carbon

dioxide (CO2).

Associated Testing Laboratories states that no comparable units were avail-

able at the time their unit (the Mark II Econ-O-Line Chamber) was introduced in

March 1961.

This is an example of a device, developed to fill an indirect space demand,

which later found commercial application. It embodied evolutionary technology

rather than major new discoveries.
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(5. MA T G IKIA G5

i. Refractory Metals

Although no present and few specific potential commercial uses of missile/space

developments in the field of refractory metals were identified in the course of this study,

many persons interviewed suggested that the refractory metals field would be quite lucra-

tive. This section is presented, then, to show the relationship of the refractory metals

field to the missile/space effort, and to give background on an area which has frequently

been cited in general terms as possessing great non-missile/space potential.

A shift in emphasis from gas turbine technology to missile/space technology has

caused a corresponding shift in emphasis in the nation's high temperature materials re-

search and development. The temperatures, ranging from Z000°F to above 5000°F, under

which components of hypersonic aircraft, propulsion systems, and re-entry vehicles must

operate has meant that work on the conventional nickel, cobalt, and iron based superalloys

has decelerated. Work on ultrahigh temperature structural and insulating materials has

been greatly intensified. The refractory metals, because of their high melting points

and retention of strength at high temperatures, form an important part of this materials

research, i

Refractory metals are defined as those which melt above 3400°F. There are 12

such metals: molybdenum, tungsten, columbium, tantalum, chromium, vanadium, rheni-

um, ruthenium, rhodium, osmium, iridium, and hafnium. Of these, molybdenum, tung-

sten, columbium, and tantalum are of principal interest because of their higher melting

temperatures.

Refractory metals in the 1940's were, for the most part, laboratory curiosities.

Tungsten of course was used in light bulbs; small amounts of the refractories were used

for alloying purposes. Refractory metals were first used in the aerospace industry in

1954 in air-breathing jet engines as a result of the need for operating at higher tempera-

tures to obtain better performance and speed. The first major structural application was

in forged turbine buckets for turbo-jet engines and the first major application of sheet

metal molybdenum was in a combustion chamber for a ram-jet engine. 3

In the early 1950's, an important high temperature materials problem was finding

structural materials for Mach III vehicles, the F-103, the Navaho, and the ]3-70. Although

not considered a refractory metal, titanium appeared to be the most promising and was

developed aggressively. Another problem was re-entry cooling of nosecones, but this

was solved using copper-heat sink techniques, ablative cooling, or a combination of metal

and ceramics. 4

Although much progress has been made to date, many problems exist in the re-

fractory metals field. The materials are generally brittle, hard to fabricate, and diffi-

cult to weld. The most serious problem is oxidation. At high temperatures, the refrac-

tories are subject to rapid oxidation, meaning that unless the materials can operate in a

vacuum or reducing environment--or oxidation-resistant alloys can be discovered--pro-

tective coatings are imperative.

Provided the oxidation problem can be solved, the use of refractory metals in the

aerospace industry may be divided into five categories. High Mach number aircraft--up

to Mach 10--represent a large potential use of refractory metals. The structural material

involved must possess adequate strength at operating temperatures of Z000 ° to Z500°F.
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In operationalspacevehicleapplications,it wouldbeeconomicallyadvantageous
to userecoverable boosters. Not only must the structural material withstand re-entry

temperatures approaching Z000°F, but the structure must have sufficient tensile strength

to contain a high pressure fuel. 5

Ballistic and semi-ballistic re-entry problems have been solved, as has been

discussed, but winged re-entry vehicles such as Dyna-Soar (X-Z0) must be able to with-

stand a heating range of relatively low magnitude and long duration. This implies radia-

tion cooling at temperatures of 3000 ° to 3800°F, which in turn implies the use of refrac-

tory metals. 5

Designers of liquid fueled rocket engines are able to combat the heat problems by

using the fuel itself as a coolant, but temperatures are generated in solid fueled rockets

which require use of refractory metals. Nozzles and control devices of solid fuel rockets

now use refractory metals extensively. _

In the space vehicle itself, refractory metals will be used in components of therm-

ionic energy converters, turbine generator electric power systems, nuclear rocket engines,

and ion and plasma propulsion systems. The use of refractory metals permits higher

operating temperatures which means more efficient operation. 7

Many organizations are active in the refractory metals field. The Refractory

Composites Working Group, consisting of individuals concerned with design development

and application of refractory composites, represents nearly 50 organizations and com-

panies working in the field. Meetings, sponsored by the Air Force Aeronautical Systems

Division and NASA, are attended by 50-70 individuals. 8 The group has concerned itself

with all aspects of the refractory metals field, such as coatings, dispersions, strength-

ening, and plasma spray, as well as efforts to standardize test procedures. Currently

the Materials Advisory Board has a refractory metals sheet rolling panel--the purpose:

to determine how to produce quality refractory metal sheet. The Bureau of Naval Weap-

ons and the Manufacturing Metals Division, Air Materiel Command manage the contract

phase, z

AGAI_D (Advisory Group for Aeronautical Research and Development), consisting

of representatives from Canada, the U. S,, the United Kingdom, Norway, Denmark,

Turkey, Portugal, Federal Republic of Germany, Italy, Greece, Netherlands, Belgium,

Zuxemborg, and France, has given refractory metals a position of top priority for dis-

cussion and has initiated a refractory metals program. 9

As a result of use of refractory metals in aircraft and missile/space applications,

present and proposed, industry has rapidly expanded the number of high capacity, quick

acting extrusion presses which are needed for initial breakdown of refractory ingots.

Plants designed specifically for the fabrication of refractory metals have been built.

These include General Electric's Cleveland facility, du Pont's Curtis Bay plant and Wah

Chang's facility in Oregon. z

Although no examples of present use of refractory metals by the civilian economy

were uncovered in this study, future use of refractories is expected in aircraft engines,

other engines where increased efficiency can be obtained with increased operating tem-

perature, nuclear reactors for civilian power, and certain types of heat exchangers.

The study effort found the following examples of expected future commercial use

of refractory metals:
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mixed

carbide

fuel

material

(potential)

ty of nuclear reactors.

Westinghouse Electric Corporation

Pittsburgh, Pennsylvania

A new fuel material, uranium columbium carbide, has

been developed at Westinghouse's Astronuclear Labora-

tory, primarily for use in space auxiliary power and

propulsion units. Research was directed toward devel-

oping fuel elements which permit higher reactor core

temperatures and thus increase the power output capaci-

Westinghouse sponsored the research with its own funds,

although possible missile/space demand was the primary motivation.

It appears probable that these high temperature fuel elements will find ap-

plication in both existing and new commercial power reactors, according to the

company, and will result in lowering unit power generation costs.

refractory Several refractory alloys have been developed to meet

allo_!!o_y__s_ missile/space specifications. The work has been spon-

sored by the Air Force and the Navy at the Astronuclear

(potential) Laboratory and the Central Laboratories of Westinghouse.

Other research has been sponsored at the Materials Department of the Astronu-

clear Laboratories on the forming, machining, and joining of these alloys.

A series of columbium alloys have been developed for high temperature

atmospheric exit and entry conditions. In addition, tantalum alloys have been

developed with a combination of high temperature and high corrosion resistant

properties for use in small compact reactors. Certain of these alloys can be

used in temperatures up to 2500°F.

Examples of these alloys are: B-33 Columbium, 4% vanadium; B-66 Colum-

bium, 5g0 molybdenum, 5_0 vanadium, i% zirconium; and T- 1 ii Tantalum, 8%

tungsten, 2°7ohafnium.

While no specific commercial applications have been forthcoming to date

for these alloys, Westinghouse believes some of them may have future application

in heat exchangers.

Z. Mara_ing Steels

The new ultrahigh strength Maraging steels were in the development and evaluation

stage by the International Nickel Company at its Bayonne Research Laboratories in Bay-

onne, New Jersey,as recently as 1960. Today over 500 tons of the new steels have been

produced for sale to commercial and missile/space markets.

IViaraging steels are practically carbon-free and contain from 18 to Z5 percent

nickel as well as other alloying agents. They attain yield strengths of Z50, 000 to

300, 000 psi, while retaining good ductility and toughness. Two heat treatments are re-

quired to obtain these properties: heating to 1500°F, air cooling to room temperature,

and reheating to approximately 900°F. The last heat is termed "Maraging," which serves

to further increase strength and hardness by a precipitation process. Desirable charac-

teristics of these new steels are their exceptionally high strengths, high impact strength,

low notch sensitivity, good weldability without pre-heating, hardening without quenching,

simple heat treating procedures, and good formability without repeated anneals.
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Manyof thesecharacteristicsmakethe steelsexceptionallyattractivefor fabri-
catinglarge rocketmotorcases,aircraft landinggearsandstructural assemblies,shaft-
ing, andextrusiondies in tool assemblies. Themissile/spaceindustrieshavebeenin-
terestedin Maragingsteelsfor solidpropellantboosters. JohnBinghamof Aerojet-
Generalpresentedthe resultsof anevaluationprogramonMaragingsteelsconductedin
cooperationwith InternationalNickelCompanyattheGoldenGateMetalsConferencein
SanFrancisco.io

At theUticaDivisionof BendixCorporation,Maragingsteelsarebeingevaluated
for fabricatingaflexible "quill-type" drive shaftfor B-47aircraft. Smalldiameter
shaftsdeliver upto 85horsepowerat 9,900rpm withoutfatiguefailures, i0 Onereason
for selectingthenewmaterial for theseshaftsis its ability to re-ageor re-hardento
practically full strengthwithoutdistortionsafter welding.

Vanadium-AlloysSteelCompanyof Latrobe,Pennsylvania,nowproducesMarag-
ing steelsunderthetradenamesVascomax250andVascomax300. Thenewsteelsare
availablein all customaryforms andsizes--from .0Z5"sheetto heavyplate, barsand
billets.

TheInternationalNickelCompanyhasappliedfor patentsonthenewsteelsand
will granta royalty-free licenseto anyestablishedconcernfor production. Maraging
steelsshouldfind future engineeringapplicationsinmanyshapesandforms wherehigh
strengthscoupledwith unmatchedtoughnessaredesired. Theyshouldopenthewayfor
advanceddesignconceptsheretoforeunattainable.

Futureapplicationsof Maragingsteelsaredescribedbelow.

TheInternationalNickelCompany,Inc.
NewYork, NewYork

Mara_ing The International Nickel Company has had in the develop-

steels ment stage for several years 18 percent to 25 percent

nickel, low-carbon, age hardening steels of exception-
(potential)

ally high strength. Good formability characteristics

without in-process anneals, as well as ability to be welded without preheating

and thoroughly hardened without quenching, made these steels particularly attrac-

tive to the missile/space design people for large diameter rocket cases.

NASA has been interested in these steels, but its contribution cannot be

considered as significant in the initial development stage. However, NASA did

contribute in accelerating the production of thin gages of Maraging steels in two

ways. First, it made available the research personnel and testing facilities in

the Materials and Structures Division of the Lewis Research Center for a program

to assist International Nickel CompanY in devising test methods to accurately

evaluate the properties for maximum performance. Second, NASA represented

the availability of an immediate market for thin gage material to be used in the

production of large pressure vessels such as the skin of solid propellant missiles.

Curtiss-Wright is currently producing experimental rocket cases from thin gage

sheet for evaluation purposes.

The major applications of the Maraging steels are not connected with the

missile/space program. The steels are used where welding of pre-machined
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pieces is desired with exceptionally low distortions, or where the controlling

factor is weldability in the full hardened condition requiring only a simple post-

welding heat treatment. The steels may be adaptable where high strength, low

distortion gun parts are required, such as tubes, breech rings, and muzzle

breaks. Evaluation studies are underway at various arsenals. One agency has

selected Maraging steels for use in hydrofoils now under construction.

The missile/space contribution to Maraging steels thus has taken place

after the original development of the material. It added to the technology of the

material and supplied the initial demand for production of thin gage. The study

investigation did not uncover specific non-missile/space use of thin gage, but

indications were present that this was about to develop if it has not developed

already. The Vanadium Alloys Steel Company reports sales of small quantities

of sheet for test and evaluation purposes to a number of commercial manufactur-

ing concerns.

3. Physical Metallurgy

The description which follows is somewhat different and more vague than the pre-

ceding ones. It concerns a broad body of scientific knowledge, much of which existed

long before the missile/space programs. The contributions of missile/space programs

to this body of knowledge are almost impossible to isolate, as are the uses made of these

contributions by the commercial sector of the economy. Yet, it appears that the missile/

space impact described here is far more significant than that of most other items re-

ported in this study.

Denver Research Institute

University of Denver

Denver, Colorado

physical

metallurgy

The field of physical metallurgy deals with the develop-

ment of metals and alloys and the study of their constitu-

tion, structure, and properties. The relation of mechan-

ical and physical properties to the various compositions and the thermal and me-

chanical treatment of metallic materials, coupled with the underlying solid state

principles, provides a more sophisticated understanding of the mechanisms that

yield desirable material characteristics.

This work is essential to advance the state-of-the-art, for it produces the

technological background that is required in the development of alloys for specific

purposes. A perusal of the references cited in any alloy development effort will

indicate the necessity for reference to the literature in the field of physical metal-

lurgy to provide a basic understanding of the mechanisms involved.

Federal funds have been available from a number of agencies for many

years to support research in this field. A majority of the work is presented in

the form of papers at symposiums throughout the country and published in the

open literature. If the work is government-sponsored and unclassified in nature,

it is also distributed through the facilities of the various government agencies

charged with this dissemination.
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Additions to the technology of physical metallurgy in most cases cannot be

identified as a direct result of a specific program. Basic research usually is not

motivated or directed toward this end. However, the new and special demands on

metals made by missile/space programs have stimulated and fostered ideas for

investigations into specific areas. Concurrently, missile/space requirements

have motivated expenditure of funds, both federal and private, to support research

into new areas of physical metallurgy. This combination has produced substantial

additions to the technology in recent years. That portion of the knowledge thus

gained which is unclassified and without proprietary restrictions usually becomes

part of the published public literature, freely available to all who may wish to use

it.

For these reasons, it is very difficult to assess the value of the contribu-

tions made to physical metallurgy by the missile/space programs which, in turn,

are transferred and applied to non-missile/space activities. It is a chain reac-

tion, too inter-related and diffused to permit simple observation. In the opinion

of the Institute's Metallurgy Division, however, this contribution in the field of

physical metallurgy is considerable.

A partially hypothetical example will serve to illustrate this process.

Space has produced demand for knowledge of specific heat and emissivity proper-

ties of materials for development of re-entry heat shields for space vehicles.

The Air Force has sponsored research to determine these properties. Results

have been published. Now, assume the hypothetical requirement of a commercial

furnace manufacturer for a material to shield the hot section of a high tempera-

ture vacuum laboratory furnace. By reference to the property data derived from

Air Force sponsored research, he can determine the materials which are most

advantageous in his design. Availability of such data reduces guesswork or elim-

inates considerable research on the part of the manufacturer. No such specific

examples of transfer were reported during the study, but it is most probable that

these transfers are common.

4. Superalloys

No missile/space contributions to the present commercial applications of super-

alloys were identified during this study. However, various sources expressed opinion

that commercial superalloy applications were receiving missile/space contributions. A

brief description of the area seemed appropriate for inclusion, but it is emphasized that

no specific items, even in the "potential" category, were identified which met the quali-

fications of the study.

Superalloy is a name reserved for a group of iron-base, nickel-base, or cobalt-

base structural materials developed primarily for high strength properties at tempera-

tures ranging from 1200°F to 2000°F. The evolution of these alloys has coincided with

the evolution of the gas turbine engine. The aircraft industry has supplied much of the

motivation for their development. However, in recent years demands of the missile/

space industry have also provided an impetus for their continued improvement. In com-

mercial applications, these alloys have been widely used in engines for turbine buckets,

nozzles, guide vanes, rotors, combustion liners, after-burners, and structural members

and fasteners. For space flights, superalloys have been used as the primary structural

members on the North American X-15 rocket research planes and as shingles on the

outer surface of the Project Mercury re-entry capsule.



154

Workers at the Mond Nickel Company in Great Britain developed the first series

of age-hardenable nickel-base superalloys in 1941. 11 Alloys with better creep resistance

were developed by the same group in 1944. About this time, International Nickel Com-

pany developed their first age-hardenable alloys in the United States, Inconel X and In-

conel W. By 1951, the International Nickel Company had developed Waspaloy and Inconel

700. Work by Bieber of International Nickel Company and Theilemann of Pratt & Whitney

Aircraft, among others, resulted in alloys containing both aluminum and titanium.

Improvements in superalloys far out-stripped predictions of the experts in 1950.

Temperatures in the range of 1700°F were foreseen, but today it appears that 1900°F

may not be the final maximum temperature. It is interesting to note, however, that the

significant improvements made since 1952 have come after almost all government sup-

port for research was discontinued. Research efforts were continued by industry. 12

Even so, the missile/space industry has given some impetus to the continued develop-

ment of superalloys simply because it provided a market receptive to minor technological

advances. For example, the new Haynes sheet forging alloy L-605 (HF-25) will be used

in the lower surface panels of the Dyna-Soar (X-20) hypersonic vehicle where 2000°F
13

temperatures are expected.

5. Epoxy Resins

Epoxy resins were discovered independently and practically simultaneously by

researchers in Switzerland and the United States near the end of World War If. Pierre

Castan of Ciba in Switzerland and S. O. Greenlee and J. 3. Long of the Davoe & Ray-

nolds Company in the United States were awarded the basic patents. 14 In 1945-1946 both

companies, Ciba and Davoe 8_ Raynolds, began marketing the epoxy formulations. The

output was very small until 1946 when Davoe & Raynolds licensed the process to Shell

Chemical Company. At the same time Davoe & Raynolds essentially dropped out of the

manufacturing of these resins and became a formulator. Shell and Ciba then became the

two largest producers of epoxy resins. Shell does no formulation, however, while Ciba

has hundreds of formulations. The 1962 issue of the Modern Plastics Encyclopedia lists

118 suppliers and formulators (there are probably twice this many specialty houses) and

32 large suppliers, is Production, from next to nothing in 1946-1947, reached 12 million

pounds in 1952 and 60 million pounds in 1960. On a projected basis, it is estimated that

i00 million pounds will be produced by 1965.

Epoxies as a material can have a variety of properties, and no specific set of

properties should be ascribed to the class. Epoxies can be of very high molecular

weight. The formulations, a million of which are conceivably possible, can produce very

hard finishes or yield elastomers depending on the use of a flexibilizer. Specific formu-

lations, sometimes requiring considerable time for development, are required for

specific applications.

Epoxies can be any one of many resin molecules that are polymerized throughlhe

interaction of monomers (the simple unpolymerized form of a compound). Theoretically,

epoxies can be synthesized from numerous materials. As a practical matter, most com-

mercial epoxies are a combination of epichlorohydrin and bisphenol A. These materials

are cooked under pressure by the epoxy manufacturer until they are partially polymerized,

that is, until their combined molecular structure is composed of long chains of atoms

with each chain terminating at one or more points in an epoxide group containing a reac-

tive oxygen atom.
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Thecharacteristicsof theepoxyat this pointdependonmanyfactors: thetem-
perature, the pressure,the lengthof cookingtime, andthebasicmaterialsused. Each
of themanufacturersof basic resinsproducesavarietyof resinsfor variouspurposes.
In general, themanufacturersall producesimilar lines.

Althoughthebasicresins containmostof theinherentqualitiesof a completed
epoxysystem, theyare chemicallystable,haveanindefinite shelflife, andareuseless
by themselves. A liquid epoxyresin will remainaliquid until a compatiblecuringagent
or hardeneris addedto it. A flexibilizer mustalsobeaddedin somecases. Whilean
unmodifiedepoxycompoundmightwell doeverythingit is supposedto do, generallyit
will betoobrittle to beof value. For further modificationsto meetspecificpurposes
or conditions,it is alsopossible(andoftendesirable)to addoneor morematerials that
serveaspigmentsor dyes, fillers or dilutents,acceleratorsor extenders.

Anearly useof theseepoxyadhesiveswasin airframe constructionwheretheir
applicabilitywasprovenfor bondingaluminum-to-aluminumaswell asfor bondingmany
othermaterials. Additionalapplicationswere recognizedas missile/spacerequirements
materialized.

Thesemorestringentrequirementshavestimulatedthe developmentof newformu-
lations, ascanbeseenin thefollowingexamples:

Dyna-ThermChemicalCorporation
Burbank,California

heat resistant Dyna-Therm produces heat resistant paints, coatings,

materials and foams which have found their greatest use in the

missile/space program. The initial development of
(potential)

most of these products came prior to missile/space em-

phasis and was funded by the company. However, their use in missile/space

helped further their development. The prime contractors for the Atlas, Titan,

Minuteman, and Saturn programs, as well as the subcontractors installing the

launch facilities, have used these materials. The main uses of Dyna-Therm's

products in the programs are in protecting both the vehicle and the launching pads

from the extremely high rocket temperatures experienced during rocket launchings.

The first of these is Flamemastic (R) 700 Thermal coating. It is a mastic

composition containing thermoplastic resinous binders, flame retardant chemi-

cals, and heat resistant reinforcing fibers. This material has been in production

for the last five years and protects against high velocity combustion heats of over

3000°F with a film thickness as low as .032". For example, where unprotected

metal surfaces have a temperature range of 1300°F to 1400°F with the application

of a gas flame, Flamemastic protected metal has a temperature range of 200 °

to Z65°F. The coating may be brushed or sprayed on. Commercial applications

for which this material appears practical include its use as a chemical resistant

coating on structural steel in chemical plants and foundries, and as a non-skid,

fire-retardant, corrosion-resistant coating on the decks of tankers.

A second material is D-100 Foam, a two-part, rigid flame resistant poly-

urethane foam designed to withstand extremely high temperatures. It may be

used not only for protection of missile launching pads and apparatus, but also for

flame resistant paneling, fire doors, and high heat honeycomb structures. It
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functionsas aprotectiveshieldagainsttemperaturesashighas 10,000°F. The
companyanticipatesthat asproductionincreasestheprice canbesubstantially
reduced,makingit moreattractivefor commercialuses.

In thefuture, Dyna-Thermhopesto maketheseproductsavailablefor use
in awiderangeof commercialapplicationsincludingfire wails, furnaces,and
laboratoryequipment.

Fiber ResinCompany
Burbank,California
sub-zero

hardening

epoxy re sin

The Fiber Resin Company began as a franchised distrib-

utor of Kish Epoxy Resins but the rapid growth of the

missile/space industry in Southern California has led it

to do its own formulating. Sub-zero hardening epoxy

resin is an example of a material developed originally by Fiber Resin for the

missile/space effort, which the company feels will almost certainly have wide

commercial application. This epoxy resin can be used for bonding, patching,

coating, or waterproofing. The material was developed originally for bonding

and patching steel sandwich material, used in housing anti-missile radar in the

Arctic.

To date, the resin has found commercial use in repair and patching of new

and old concrete in several docks and flood control canals in the Northwestern

part of the United States. As an example of potential commercial use, a tele-

phone company is interested in this resin as a repair material that can be used

during the winter. The commercial sales volume to date of this material is

approximately $i00,000.

Joseph Waldrnan & Sons

Epoxy Products Division

Irvington, New Jersey

epoxy molding,

materials,

encapsulation

cups,

and silver-

filled

epoxy materials

Epoxy molding materials and encapsulation cups were

developed shortly after World War II independent of the

missile/space program. At that time, however, costs

were high due to limited commercial markets. With

the missile/space build-up, a large demand for these

materials and products developed. This allowed the

economies of mass production to be shared by the in-

dustrial and consumer electronics markets.

Epoxy products and materials are used for electronic and electrical insula-

tion of components in guidance, communication, and computer systems in the

missile/space program. Commercial uses are similar, with applications in

packaging of electronic components for computers and other industrial electron-

ics, in radio and television, and in automotive electrical systems.

The development of these products was funded mainly in-house while mis-

sile/space technology information was often supplied by a prime space contractor,

subcontractor, or government agency.
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6. Miscellaneous

Navan Products, Inc.

Subsidiary of North American Aviation, Inc.

E1 Segundo, California

Tens-50 The aircraft and missile/space industries have continu-

aluminum ing need for high strength-to-weight materials, including

alloy high tensile strength aluminum. However, small iron

impurities in aluminum alloys have been troublesome

since they produce relatively brittle properties in the alloys. The aluminum in-

dustry sought to solve this problem by directing its efforts toward a high purity

program. Many foundries, however, experienced difficulty operating to the re-

quired standards of purity.

Scientists at North American Aviation approached the problem differently

and developed about six years ago Tens-50 (Tensile 50,000), an alloy of aluminum

and beryllium. According to the company, this alloy requires no more purity than

is standard in the typical aluminum foundry, but gives the highest tensile strength

achievable by casting to date.

On a special order basis, Navan obtained Tens-50 from aluminum producers

and began promotional marketing in 1957 to users of high strength-to-weight metals.

Once demand for Tens-50 had been established, Navan licensed it to the aluminum

industry for manufacture and sale. Navan has licensed the Reynolds Metal Com-

pany and the Aluminum Company of America under Patent No. Z, 908, 566.

The original motivation for the research which led to development of Tens-

50 came from the requirements of supersonic aircraft for increased strength in

aluminum casting alloys. The subsequent demands of missile/space programs

provided part of the impetus for additional research on the basic alloy, designated

4ZB. This further research led to development of other versions of the alloy,

A357, 358, andA358, which contain smaller percentages of beryllium. They are

substantially lower priced than Tens-50 and hence more attractive, especially to

the commercial market.

In addition, missile/space demands for casting have stimulated developments

in foundry techniques of Tens-50. The Rocketdyne Division of North American

developed a super-chilling technique during the casting process to produce higher

quality casting. Rocketdyne uses Tens-50 in its pump castings for liquid fuel

rocket engines.

Navan reports that Tens-50 has been used in a variety of non-missile/space

applications including heavy duty automobile and truck wheel castings, cement

truck bodies, railroad cars, and oil fuel pumps.

The missile/space contribution in this case was not the original development

of the alloy; rather it was part of the stimulus for subsequent development work

leading to other and more commercially feasible versions of the alloy, plus im-

proved foundry techniques.



158

The Reynolds Metal Company sponsored research in-house on Tens-50,

which led to A357, 358, andA358. According to the company, the motive behind

this effort was the desire to lower the price of Tens-50 to increase its market

potential. Missile/space requirements for high strength-to-weight materials,

along with commercial applications, represented the market potential. To date,

most of Reynolds' sales have been of Tens-50, but it has produced and sold A357

and 358; no sales have been made of A358.

An article by S. T. Abbate and R. A. Zuech describes Rocketdyne's test
16

program on heavy chilling of molds in casting Tens-50.

Other sources report that Tens-50 has been used for several years in a

variety of non-missile/space applications, such as housing for torque wrenches,

holding brackets and adapters for aircraft engines, instrument cases, and compo-

nents for aircraft ejection seats.

The Aluminum Company of America also is currently producing ingots and

castings of Tens-50.

General Electric Company

Chemical and Metallurgical Division

New York, New York

pyrolytic Pyrolytic graphite is a form of carbon having unique high

graphite temperature properties and is produced by the deposition

of carbon from a vapor phase onto a substrate. It pos-

(potential)
sesses a high degree of anisotropy--its physical, electri-

cal, and thermal properties in one plane differ substantially from the same prop-

erties in a perpendicular plane.

Original work on pyrolytic graphite goes back to the last century. In 1879-

1883, patents were issued to W. E. Sawyer and T. A. Edison on the formation of

pyrolytic graphite. These patents resulted from work on the treatment of carbon

filaments to improve their uniformity and mechanical properties. Scattered in-

vestigation in this field continued. In the 1930's, pyrolytic graphite (sometimes

referred to as "bright carbon") was considered for coating electron tube parts, but

the graphite itself was available only as film coatings or as a powder. Its anisot-

ropywas apparently never considered important; the powder could not be specifi-

cally oriented. In the mid-1950's, some work was done on pyrolytic graphite for

coating nuclear fuel elements, especially powder types.

Early in 1958, the General Electric Company started investigating techniques

for making large free-standing shapes of pyrolytic graphite for use as nosecones.

The Missile and Space Vehicle Department at Philadelphia cooperated with the

G. E. Research Laboratory with funds from Air Force contracts AF-04(645)-Z4,

AF-04(647)-Z69, andAF-04(647)-486, and set up facilities at Philadelphia to make

pyrolytic graphite for its own experimentation, including studies of its applicability

to nosecones. Activities in the pyrolytic graphite area have continued at MSVD

and current contracts which contribute some support to these activities are NOW

61-0481-C-FBM and AF-04(647)-617, both of which are classified.

G. E. has also continued to carry out investigations in the pyrolytic graphite

area. Most of this activity has been carried out with company funds although some
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of it hasbeendoneundertheaboveidentifiedAir Force contracts. G. E. also
performeda smallamountof measurementwork in thepyrolytic graphitearea
with fundsunderAECcontractAT(45-1)-1350,administeredbytheHanfordAtom-
ic ProductsOperation.

TheSpecialtyAlloys ProductSectionof theMetallurgicalProductsDepart-
mentbecameinterestedin producingpyrolyticgraphitein the last quarter of 1959
andhadtheir first productionfacilities installedaboutJune1960. Mostof their
pyrolytic graphitesaleshavebeenasanR& D material, primarily for useasa
thermal shieldor rocketnozzlein spaceapplications. To datetherehavebeen
onlytokencommercialsalesof thematerialto determineits suitability for com-
mercial andindustrialapplications.

Pyrolytic graphitehasa numberofpotentialcommercialapplicationsbut
theMetallurgicalProductsDepartmentbelievesthat suchapplicationsare still
somethreeyearsoff. Suchpotentialapplicationsincludeuses requiringthermally
or chemicallyresistant refractorymaterials, suchas furnacecomponents,or as
pipingor cruciblesfor coatingmoltenmetalsor caustic solutions. Thereare
alsoa numberof possibleapplicationsin theelectronicandelectrical fields, e.g. ,
use in frequencyfilters, thermistors, hightemperaturecapacitors,time delay
mechanisms,andvariablefuses.

Graphite'sdistinguishingcharacteristicsare thehighestservicetempera-
ture of anyelementalsolid, andlow density. Pyrolytic graphite--really a class
of materialsrather thana singlematerial--is characterizedby its thermalanisot-
ropy. Alongthelayer plane,pyrolytic graphiteis a semi-metal, electrically con-
ductiveandmore thermallyconductivethancopper. Perpendicularto the layer
plane, thecarbonatomsare looselybondedandpyrolytic graphiteis a thermal
insulator. Otherpropertiesof pyrolytic graphiteincludeoxidationresistanceand
impermeability. Pyrolyticgraphitehasseveraldisadvantagesin that it is diffi-
cult to fabricate, expensive,anddevelopslocalizedhighstressesuponrapid
heating.

A numberof organizationsbesidesGeneralElectric are workingonpyrolytic
graphite, includingRaytheon,LockheedAircraft Corporation,HighTemperature
Materials, Inc., andNationalCarbon. AboutI0 yearsago, flat specimensof
pyrolytic graphitewereproducedby BrownandWattat theRoyalAircraft Estab-
lishment.

Muchprogresshasbeenmadein recentyearsin developingpyrolytic graph-
ite andits newalloysfor practicaluse. However,work remainsto bedonein
understandingfurther its physicalpropertiesandin developingfabricationtech-
niques. Also, its currenthighcostactsasa limiting factor exceptin special
applications. Nevertheless,its uniquepropertiesseemto holdsubstantialprom-
ise for commercialaswell asmissile/spaceuses. Its potentialfor solvingmany
of thedifficult problemsposedbynuclearpropulsionin spaceshouldact asa stim-
ulus for continuedinterest. Thesecommentsarebasedonanarticle by Claude17A. Klein in International Science and Technology.
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The Marquardt Corporation

Van Nuys, California

materials In 1956, Marquardt Corporation found it necessary to

test determine the mechanical properties of materials sub-

equlpment ject to rapid temperature rise and rapid application of

load in connection with work being done on the ram-jet

for the Bomarc missile. Marquardt surveyed the field and found that no one had

a testing device which would do the job. Under DOD funding, a prototype auto-

matic, servo-controlled materials testing machine was built. This was the first

application of true servo control to materials testing, according to Marquardt. It

is significant because metallurgists have found that the rate of testing is extremely

important. For example, some materials shatter under the rapid application of

load while the same material would merely bend under slow application of the

same load.

Marquardt decided there must be a need by other firms for similar test

equipment. In 1958, the decision was made to spend company money to make and

sell this test equipment on a fixed price basis. The initial marketing was quite

limited during the period 1958-60, but in 1961 the marketing effort was acceler-

ated. The machine as offered included an automatic programmer and an instru-

ment for accurately measuring strain at temperatures up to 5000°F.

Still not satisfied, Marquardt, using the basic principles developed in the

original machine, built new models of different capacities with additional company

funding. The automatic programmer was redesigned, and a servo control unit

as well as other accessories were developed to make a product line. The new

line of machines equipped with the automatic control console provides automatic

programming, linear rate programming, and automatic simulated calibration of

load. This extends the capability of the equipment for ease of operation by tech-

nicians in running tension, compression, transverse, fatigue, creep, relaxation,

and cyclic tests.

These machines are now being purchased primarily by research laboratories

for basic metals research. Prices range from $25,000 to $57,000.

Calumet and Hecla, Inc.

Flexonic s Division

Bartlett, Illinois

metal

hose

Calumet and Hecla's Flexonics Division has improved

one type of metal hose used in the extreme environmen-

tal conditions of missile launching and essentially made

Operating characteristics imposed by the missile/space program required

improvements in the design of a product which Flexonics had been making for

several years: an interlock type, flexible metal hose. The improved design pro-

vides increased limits of axial extension and compression. In the missile/space

program, this flexible metal hose is used as internal liners for fuel, liquid oxy-

gen, and other ducting systems to eliminate or reduce turbulence in the flowing

fluids. Otherwise, the hose is used in ducting systems in commercial and mili-

tary aircraft.

an innovation in another type.
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A new corrugation process facilitates the manufacture of a second hose, a

multi-ply corrugated metal hose. Development was initiated to make a better

product using metal hose, as opposed to Teflon or other synthetic hoses, as a

normal course of company product improvement. However, the missile/space

program demands were an impetus and, in some cases, further defined desired

product specifications. The result was a hose with improved operating character-

istics in the areas of high temperatures, high pressures, life cycling, and resist-

ance to impulse pressures.

This product has found missile/space uses in hydraulic and pneumatic lines

where motion, vibration, and impulse are a consideration. According to Flexon-

ics, there have been commercial applications in aircraft and atomic power facili-

ties, and more industrial uses are anticipated in the future.

The development of both of these metal hoses was funded by the company.

Douglas Aircraft Company

Air comb Division

Santa Monica, California

Aircomb Aircomb is a honeycomb structure ofkraftpaper, im-

pregnated with a phenolic type resin for strength and

resistance to environmental factors. It was developed by Douglas for the first

Nike program in the late 1940's and is currently used in the fabrication of missiles,

space vehicles, and ground support equipment. In use, it is sandwiched between

faces of thin material, such as aluminum, plywood, wood, stainless steel, mag-

nesium, or porcelain-enameled steel.

Because of the nature of sandwich construction, it lends itself to such struc-

tural uses as floors, walls, roofs, and box sides requiring high local crushing

strength. In addition to shear strength, the ability to carry compression floor

loads normal to the faces is a necessary requirement of core material. Douglas

Aircomb is capable of carrying as much as 25 tons per square foot.

Aircomb has many commercial uses. Boat manufacturers are using it for

hull reinforcement, decks, partitions, seats, and topside structures. It is being

used in new buildings for both exterior and interior applications such as curtain

walls and decorative panels. In aircraft, it is used for tables, partitions, shelves,

cabinets, and exterior access doors. New commercial uses are being developed

through a continuing R & D program.

A separate division was established in July 1962 to manufacture Aircomb.

Solar Aircraft Company

A Sub sidia ry of International Ha rve ste r C ompany

San Diego, California

al___ll Solar Aircraft Company has developed an all-metal in-

metal, sulation made with sandwich type construction of outer

insulation metal facings with a number of core laminations of em-

bossed metal foil. It is radiation damage resistant, will

withstand rapid gas pressure changes, and will not contaminate nuclear reactor

cooling gases. In addition, it has a low conduction factor with the necessary

stability to retain its thermal properties throughout the life of a nuclear reactor

without maintenance or replacement.
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Conceptsdevelopedfor lightweightrocketmotorsandspaceheatexchangers
wereutilized in developingthis by-product. Theworkwhichresultedin theSolar
all-metal insulationwasconductedasa generalrocketnozzleR & D project. The
resultingtechnologyhassincebeenappliedto theNike, Ranger,andAtlas mis-
siles.

Theinsulationis presentlyusedfor internalnuclearpile insulationin gas
cooledreactors. Anticipatedcommercialapplicationsincludehightemperature
insulationfor hotpiping, steamgenerators,andturbomachinery.
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H. MEDICAL TECHNOLOGY

Several items have been identified in the course of this study which constitute

missile/space program contributions to advances in medical technology. Most of these

items, although not necessarily the most important ones, are in the field of medical

electronics.

Electronics has steadily become more important in the medical field. Starting

with the first electrocardiographic studies by Kolliker and Muller in 1858, electronic

principles and instruments have been utilized in many areas of medical research, diag-

nosis, and treatment. Today, many researchers in what is often called the "life sciences"

are looking to electronics to see what new methods and techniques can be applied to their

field. One gage of the importance of this is the estimate that the field of biological and

medical instrumentation and electronics currently has an annual market of about

$500,000,000. _

The impact of missile/space programs on medical electronics is extremely diffi-

cult to determine, but it has been felt in two ways. First, and most directly, the pro-

grams have required the development of certain specialized equipment. Placing man in

the harsh environment of space requires that his physiological responses be monitored

carefully, necessitating the development of data gathering and telemetry systems. These

systems permit considerable freedom of action during the period of monitored response,

since no wires are used. Some of these devices are now finding non-space application.

The second way in which the space program has aided medical electronics is

more indirect. The emphasis on extreme reliability and continued miniaturization has

made equipment more readily available in the field of medical electronics, where these

features are also highly desirable.

A recent series of articles describes much of the current activity in medical

electronics, z
It is apparent from these articles that the majority of the work in the

medical electronics field is being conducted by organizations not directly associated with

the space program. However, some contribution from space activity is apparent.

In addition to the contribution of electronics, there is another area where the

space program is having an impact on medical technology. The rigors and uncertainties

of space flight require that only the most physically and mentally qualified trainees be

accepted as astronauts. This requirement has aided in the development of new techniques

for evaluating the physical and mental capabilities of prospective astronauts. It is antici-

pated by those working in this field that these developments will have considerable non-

space transfer and will be of long-term importance.

Examples of transfer follow.

Lovelace Foundation for Medical Education and Research

Albuquerque, New Mexico

improvements

in medical

examination

and other

medical

techniques

The Lovelace Foundation for Medical Education and Re-

search, Albuquerque, New Mexico, has examined appli-

cants for pilot and astronaut selection for a number of

aerospace programs. The most extensive and widely

known of these efforts was the screening of astronaut

candidates for Project Mercury, the NASA manned
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spaceflight program. Similar projectshaveincludedpilot selectionfor other
NASAprogramsandflight surgeonservicesfor testpilots at theFlight Research
Centerat EdwardsAFB, California. TheFoundationalsohasbeencommissioned
by NASA(ContractNASR115)to developa systemfor acquiring, evaluating,and
disseminatingall availableinformationonbio-astronautics,themedicalarts
applicableto spaceprograms. Thisproject is nowunderway.

TheLovelaceFoundationis immediatelyconnected,by staff relationships
andphysicalproximity, with theLovelaceClinic andBataanMemorialMethodist
Hospital. This simplifies thetransfer of newmedicalservicetechniquesfrom
researchto clinical application.

A uniqueexaminationsystemdevelopedfor theMercuryAstronautprogram
at theFoundationwasthe routineapplicationof dynamicphysiologicaltestsde-
velopedin-house, supplementingthe conventionalstatic testsordinarily employed
in physicalexaminations.Thesetestsarenowbeingusedextensivelyon regular
clinic patientsat theLovelaceClinic andelsewhere. Anotherinnovationwas the

recording of all pertinent medical data directly on punch cards by a system previ-

ously developed by Dr. A. H. Schwichtenberg of the Lovelace Foundation staff

under USAF sponsorship. 3

Other techniques refined to an exceptional degree in the Mercury program

included: l) unusually exhaustive examinations, with careful coordination of

many specialists, unusually detailed histories, and more contact than usual be-

tween the doctor and the patient; 2) improved X-ray control procedures made im-

portant by extensive radiological examination, leading to wide use of intensifying

screens, video taping of X-ray images, and use of higher voltage X-ray equip-

ment resulting in shorter exposures; and 3) the use of micro-sampling of blood

for laboratory examinations beyond the limits previously considered feasible.

Possibly the most significant contribution of this space-related research

project is the indication that this form of dynamic examination, or examination of

physical capability under conditions of environmental stress, holds promise for

the objective measurement of physiological aging. Follow-up research on this

Physiological Aging Rating Project is underway at the Foundation, at George

Washington University, and at the Civil Aeromedical Research Institute. One of

the immediate needs for such measurement is determining appropriate retire-

ment ages for pilots and others whose jobs will not permit performance deteri-

oration resulting from aging.

More immediate, feasible uses of these dynamic examination techniques

are thought to include determination of the physical capabilities of people re-

covering from heart surgery, and evaluation of physical disability claims in

Workmen's Compensation cases.

Lovelace Foundation staff members also attributed to unidentified space

research programs such medical innovations as those described below, about

which they have heard but of which they have less direct knowledge. (Denver Re-

search Institute has not documented the following examples. However, the Love-

lace Foundation staff is in an excellent position to be aware of medical develop-

ments, and therefore these examples are presented to show possible additional

contributions of missile/space research. )
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The USAF is reportedly sponsoring research into computer programming

methods which will permit non-medical personnel (those in a small spacecraft,

for instance) to feed into a computer evident symptoms and quantitative data such

as temperature, pulse, and results of simple laboratory tests. The computer

will then diagnose the condition and select an appropriate treatment.

It is suggested that research on closed life support systems will lead to

earlier detection and identification of toxins in the air and in the human body.

This area of research may also lead to greater understanding of the effects on

human life of such environmental factors as ions of different polarities and trace

elements in the atmosphere. Finally, it is suggested that this research may

furnish improved medical care techniques involving low-residue diets and dis-

posal of body wastes.

There is general agreement that defense and space research have led to

greatly increased reliability in instrumentation. Instances of this include the

suggestions that better control of oxygen and other continuous medication is pos-

sible, and that electronic reliability in miniaturized electronic packages has

facilitated development of small sensors and specialized devices such as self-

contained, portable heart pacemakers.

Finally, it is suggested that some of these innovations will probably lead to

substantial institutional changes in the medical service industry. If computers

and electronic instruments assume added importance in diagnosis and treatment,

the capital requirements for medical practice will probably increase. Physicians

will also need (or require access to) knowledge of such things as information

theory, electronics, and computer technology, if they are to properly use these

new tools.

Telemedics, Inc.

A Subsidiary of Vector Manufacturing Company

Southampton, Pennsylvania

RKG 100 The science of electrocardiography--analysis of the

radio-_ electrical activity of the heart--has been one of the key-

electro- stones of cardiac diagnosis for half a century. However,

cardiograph because the patient had to be connected by wires to the

recording apparatus, the doctor generally was limited

to finding out how the heart acted while the patient was resting. Development of

radioelectrocardiography, the broadcasting of the EKG waves from the patient to

recording apparatus with no connective wires, now permits the doctor to gather

previously inacce s sible data.

The concept of radioelectrocardiography was first published 13 years ago

as a result of experimental work done by the United States Air Force. It re-

mained in this experimental class until Telemedics introduced its RKG 100 radio-

electrocardiograph to the medical profession in May 1961 at the annual me-'--etir_g

of the American College of Cardiology. This was the first radioelectrocardiograph

made available commercially to physicians.

The RKG 100 is a direct descendant of the equipment originally developed

by Telemedics' parent, Vector Manufacturing Company, for use in the rigorous

testing program undergone by NASA's astronauts. Reactions of the hearts of the
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astronautsto thepressuresof gravity, acceleration,anddecelerationwerede-
terminedwith this equipmentin thecentrifugeat theUnitedStatesNavalAir De-
velopmentStationin Johnsville,Pennsylvania.Followingits successfulusewith
theastronauts,Vectorestablishedthe TelemedicsDivisionto adaptthe radio-
electrocardiographfor usebypracticingphysicians.

The RKG I00 is a miniaturized very high frequency broadcasting system,

consisting of specially designed electrodes, a transmitter, and a receiver. The

electrodes are of a Band-Aid type which adheres to the surface of the skin. The

RKG 100 transmitter, the unit carried by the patient, is a little larger than a

pack of cigarettes. It is transistorized and operates on self-contained recharge-

able batteries. The entire unit weighs 10 ounces. The transmitter can be placed

in the patient's pocket or clipped to his belt as he goes through the examination.

The unit has a range of up to 1,500 feet or_ a VHF authorized and approved by the

Federal Communications Commission. The RKG 100 receiver is smaller than a

typewriter. Controls enable the EKG waves received to be channeled to a standard

electrocardiographic recording apparatus, an oscilloscope, or a magnetic tape

recorder, or all three simultaneously.

The company feels that the applications for the RKG 100 are many and

varied. Its prime use to date has been for the examination of more than i0,000

patients during exercise. Many of these studies have been conducted by Dr.

Samuel Bellet, Chief of the Division of Cardiology of the Philadelphia General

Hospital. A recent article by Dr. Bellet, et al. , gives an excellent bibliography

covering the background and use of radioel-ectrocardiographic devices. 4

Beyond conducting regular exercise examinations, the RKG 100 is being

used for a variety of purposes. At Lankenau Hospital in Philadelphia, patients

who have suffered heart attacks are studied for a few days after their seizures to

determine effects of the slightest exertion. It is hoped that this will lead to im-

proved recuperation programs. At Lankenau and in New York Hospital, the RKG

i00 is used to monitor the heart during delicate X-ray procedures in the course

of-----whicha dye is injected into the heart. Since the radioelectrocardiograph broad-

casts on VHF, it is above the electrical interference caused by the X-ray equip-

ment. This is a very definite advantage over conventional electrocardiographs

which operate on the house wiring of the hospital and are, therefore, subject to

considerable electrical interference and distortion originating from many appli-

ances in the institution. At Montefiore Hospital in New York, heart patients are

monitored during rehabilitation and exercises to see that their capabilities are

not exceeded. The equipment has also been used to monitor the heart during

surgery, recovery, intensive care, and electro- shock therapy.

A new field opened up by this equipment is that of environmental testing--

recording the cardiogram under natural conditions. The Bell Telephone Company

of Pennsylvania, which is using the RKG 100 in its Management Physical Exam-

ination Program, intends to take the EKG's of some of its executives during con-

ferences and other office activities in which stresses might be present.

The RKG 100 is now being used in more than 40 locations in the United

States and Canada. Installations other than the ones previously mentioned include:

the Federal Aviation Administration; Johns Hopkins; Mayo Clinic; Walter Reed

Army Medical Center; Ohio State, Oklahoma, Georgetown, and Howard universi-

ties; Veterans Administration hospitals in Maryland and Illinois; and the Beverly

Hills Medical Clinic. Private physicians in several states are also using it.
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The company feels that there is a genuine need for this kind of equipment in

medical practice. Its research efforts are continuing toward development of re-

lated medical electronics equipment which will fill gaps now existing in other

aspects of patient care. S

Massachusetts Institute of Technology

Cambridge, Massachusetts

GDM A device used in making inertial guidance systems for

viscometer the Polaris missile has turned out to be a valuable

medical research tool for studying blood and blood vis-

cosity. The device, an ultrasensitive instrument for measuring very small

torques, or twisting forces, was invented at the Instrumentation Laboratory of

MIT, where the Polaris inertial guidance system was developed.

The device was invented by Philip J. Gilinson, Jr. , Electromagnetic Coor-

dinator at the Instrumentation Laboratory, and Charles R. Dauwalter, a labora-

tory engineer, as a testing tool to aid in developing gyroscopes used in Polaris

guidance systems. Several industrial firms, manufacturing Polaris gyros accord-

ing to MIT designs, use testing instruments similar to this device. The instru-

ment, called a"torque-to-balance loop," is used to check with extreme precision

the performance of gyroscopes and gyro sub-units. It is so sensitive to torque

that it can measure the rotational force exerted by a small wheel that turns only

once a day.

In medical research, the instrument is called the "GDM Viscometer" after

its developers--Gilinson, Dauwalter, and Dr. E. W. Merrill.

Major advantages of the device as a viscometer are that a test requires only

a teaspoon of blood (4 cubic centimeters) and can be performed in less than a

minute. Most viscometers, using different principles, require far more blood

and so much time that the blood sometimes clots before a test can be completed.

As a viscometer, the device is rigged to a small cup containing fluid to be tested.

A rotor, turned by a torque motor, is immersed in the blood. The particular

motor used is capable of turning the rotor with an extremely slow but constant

speed. The operator can change speeds to obtain viscosity readings at different

flow rates. The rotor, when turned, exerts shear on the fluid at a known rate--

known, that is, because it results from the particular motor setting used. The

shear rate is analogous to the flow rate and causes a shear stress in the fluid

which, in turn, exerts a torque on the cup containing the fluid. The GDM viscom-

eter measures the torque on the cup with extreme precision and, knowing this

torque, the researchers are able to compute the shear stress that produced it.

Shear rate, known from the motor setting, and shear stress, read as torque by

the viscometer, serve as the bases for computing viscosity.

The value of the GDM viscometer is its capability of imparting very tiny

shear rates to the blood being tested and of measuring with great precision the

equally tiny shear stress that results, making possible viscosity studies at low

ranges of shear rate and stress never before attainable. Shear, or flow, rates

of fluids are measured in inverse seconds while viscosity is measured in centi-

poise. Most viscometers can accurately measure viscosity of watery fluids like

plasma under shear rates down only as low as 20 inverse seconds. The GDM

viscometer can measure viscosities under shear rates as low as . 1 inverse sec-

onds--or 200 times lower than ordinary viscometers.
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Ordinary viscometers have shown that viscosity of blood plasma remains

at approximately 1.5 centipoise under shear rates as low as 20 inverse seconds--

the lower minimum accuracy range of most instruments. This constant viscosity

with reducing shear rate has lead to the general assumption that plasma is

Newtonian. Previous studies by Dr. Roe E. Wells, Jr. , associate in medicine at

Harvard Medical School, and Dr. Merrill, using a viscometer less sensitive than

the GDM device, gave a hint about the possible non-Newtonian nature of plasma

and caused them to seek a more sensitive instrument. Studies with the GDM vis-

cometer have produced data showing that as the shear rate is lowered to the range

of . 1 inverse seconds, plasma viscosity jumps to as high as 18 centipoise. These

are the findings that led the MIT and Harvard investigators to the conclusion that

plasma is, in fact, non-Newtonian. An understanding of the non-Newtonian char-

acter of blood plasma is an important piece of fundamental knowledge. Drs.

Merrill and Wells believe it might help explain some of the curious mechanics of

blood circulation in capillaries, the body's smallest blood vessels.

The Boeing Company

Associated Products Division

Seattle, Washington

physiological

monitoring

system

(potential)

in 1959 and was completed about six months later.

been made.

The Applied Research and Development Laboratory of

the Boeing Company has developed an instrument system

to monitor the physical condition of human beings with-

out seriously restricting their capability to perform nor-

mal operations. Development of the initial system began

Subsequent improvements have

The system contains a series of electrical preamplifiers receiving signals

from physiological sensors. The amplified signals are transmitted to the re-

cording or readout devices by either wire or telemetry. The system consists of

a miniaturized EKG preamplifier, a phonocardiograph, and a respirometer. The

preamplifiers are devised to work simultaneously or individually. Devised for

studying physiological changes under controlled environmental and physical con-

ditions, the preamplifiers seem applicable to clinical research.

Motivation for development of the system stemmed at least partially from

the Air Force's Dyna-Soar program (X-20).

The system has been licensed to the Arnoux Company by Boeing's Associated

Products Division. Arnoux is continuing further developmental work with the aim

of marketing the system for general application by hospitals, doctors, .research

laboratorie s, and unive r sitie s.

oxygen A second device developed by the Boeing Company is an

consumption oxygen consumption meter. Like the system described

meter above, the motivation for this development is partially

attributable to Boeing' s participation in the Dyna-Soar {X- 20)
(potential)

program. The item was developed to measure the

amount of oxygen a person would consume under simulated flight conditions.

Equipment then available to perform this task was not sufficiently accurate for

the co_npany's purpose.
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A closedsystemsuppliesoxygenfrom pressuretanksthrougha regulator
to thepatientor subjectasdemanded.Expiredair is circulatedthrougha carbon
dioxideandwater-absorbingsystemwhichpermits theunusedoxygento pass
throughfor re-use. Theamplitude,frequency,andpatternof breathingare sensed
by atemperaturethermistor in thegaspassagetube. This informationcanbeused
ona recorder or visual readout-typecounter. Thevolumeof oxygenconsumedis
derivedfrom calculationof pressurechangesasobservedonthetankgagewith
correctionfor temperature. Themeter providesminute-by-minuterate of oxygen
consumedandis accuratewithin + 1 percent of oxygen consumed.

The device has been licensed to the Arnoux Company, where further de-

velopment is being carried out to prepare it for commercial use. A potential com-

mercial application is its use to measure the capability for work or activity of a

person recovering from a heart attack.

Douglas Aircraft Company

Diver sifted Products Department

Santa Monica, California

As the result of developments connected with its missile/space programs,

Douglas Aircraft has recently placed several products on the commercial market.

electronic The first, an electronic cancer thermometer, was de-

cancer veloped to provide accurate monitoring of temperatures

thermometer in cryogenic therapy. One technique in cancer treat-

ment involves the use of liquid nitrogen for freezing of

tumors. In this process it is important that the area surrounding the tumor be

instrumented to provide the physician with rapid and accurate information on cold

penetration. Through sensing probes encased in hypodermic needles, this unit

registers temperatures through a temperature span of 240°C, from -200°C to

40°C with errors of less than Z °. Six separate probes and indicators are encased

in one cabinet, each one being color coded for easy reference..

electronic An electronic stethoscope was designed to give physicians

stethoscope the same hearing quality as present units but with many

times the hearing power. Frequency control allows con-

centration on heart or lung sounds as desired. Volume control aids in making

faint heart sounds clearer. Weighing six ounces and less than six inches long,

the instrument attaches to physicians' existing headsets. It is transistorized and

uses a standard transistor radio battery.

electronic Douglas has also made several prototypes of an electron-

thermometer ic thermometer which has a digital readout device pro-

(potential) viding _eadings accurate to I/4 of l percent of the full
scale of 40°. This transistorized, battery powered unit

weighs approximately one pound. It is a self-balancing indicator which will pro-

vide readings in less than 20 seconds.

The devices developed and marketed by Douglas' Diversified Products De-

partment have all been funded by Douglas.
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I. RE-ENTRY SIMULATION -- The Plasma Yet

A plasma jet is a device for creating a very high temperature gas jet--much

hotter than can be produced by a chemical flame.

To understand the plasma jet's principle of operation, consider the ordinary

electric arc. A large voltage potential between two electrodes across a gas-filled gap

will cause a few of the electrons at the negative electrode to break away and be accelerated

across the gap by the potential difference. Most of these electrons will collide with gas

atoms or molecules, causing some ionization of the gas. As ionization takes place, more

electrons can flow across the gap. Soon the gas in the space between the electrodes is

quite ionized and quite conductive--with el'ectrons flowing across the gap in one direction

and positive ions flowing across in the other. Heating takes place as the colliding elec-

trons, ions, and atoms give up some of their kinetic energy in the form of heat energy.

Ions recombining with electrons also cause heating. I

Temperatures reached by this process are near 7,500°F. Merely increasing the

electrical current through the gap will increase the volume of heated gas but will not in-

crease the temperature appreciably. However, increasing the density of the gas, thereby

increasing the probability of collision, will tend to increase the temperature. In a plasma

jet this increase in density takes place by the "pinch" effect. The first, or thermal, pinch

effect is a by-product of the need to cool the chamber in which the plasma jet operates.

Cooling tends to decrease the ionization, and the conductivity, of the outer layers of gas.

The current flow then tends to concentrate in the center of.the discharge, causing in-

creased current density and more heating. I

The second, or magnetic, pinch effect is a result of the demonstrated tendency of

two parallel conductors, each conducting in the same direction, to be attracted to each

other by their own self-induced magnetic fields. Similarly, the charged particles flow-

ing between electrodes are routed together by their own self-induced magnetic field.

This causes the density of the gas in the discharge to increase which in turn causes more
1

heating.

While the hottest theoretical temperature which can be achieved by a chemical

fl_me is 10,000°F, plasma jets now made can reach 30,000°F. In practical operation,

the gas is usually forced through a gun which contains the electrodes so that the heated

plasma is ejected in the form of a jet.

Although there are many methods of stabilization of the plasma jet, the basic

principle of operation remains the same.

Patent api_lications and articles describing work on ancestors of the plasma jet

can be traced as far back as 1900. z H. Gerdien of Germany built the first plasma gen-

erator to maintain operation for more than a very short period of time in the early

1920's. * Irving Langmuir laid the theoretical foundations of plasmas in the 1920's and

applied the word "plasma" to the ionized gas in 1928.3

Interest in the field broadened in the 1930's, but in the 1950's the missile/space

field, with it_ requirement for means of working with and testing high temperature

materials for rocket nozzles, caused rapid development. 2 In addition, high pressure air

at temperatures of over 6,000°F was needed to produce the stream of high velocity room-

temperature gas needed for simulated re-entry at high altitudes. This in turn stimulated

the development of the plasma jet.
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Practical plasma torches were first operated in about 1956. z Early work was

done by both the Knolls Research Laboratory of the General Electric Company and the

Plasmadyne Corporation of Santa Ana, California. i A few articles were cited on the

plasma jet in the Applied Science and Technology Index of 1957 and 1958, but not until

1959 did many articles on the subject appear. Companies presently doing work in the

plasma jet field include: The Plasmadyne Corporation, The Linde Division of Union Car-

bide, the Thermal Dynamics Corporation, the Plasma Tech Division of the Valley Met-

allurgical Processing Company, Inc. , Metco, Inc. , the Norton Company, and the Indus-

trial Products Subdivision of Avco Corporation.

Plasmadyne Corporation

A Giannini Scientific Company

Santa Ana, California

plasmajet A gas in an extremely hot, ionized state is called a plas-

ma. It is a mixture of free electrons, positive ions, and

neutral atoms; all molecular bonds are broken. A plasma may be formed in many

ways. For example, a nosecone re-entering the earth's atmosphere is surrounded

by a plasma created by the high temperatures caused by air friction.

Recognizing the value of being able to create a plasma for the study of con-

figurations and materials for the re-entry of nosecones and space vehicles, the

Plasmadyne Corporation built a device which gives forth a continuous plasma

stream, called a plasmajet. Research and development on the plasmajet was

funded by the Plasmadyne Corporation.

Although the original application of the plasmajet was in hyperthermal wind

tunnels for re-entry studies, many commercial applications have since developed.

Above 10,000°F even the most refractory materials are vaporized. By introduc-

ing a powdered refractory metal or ceramic into the plasma, one can use the plas-

majet to spray a protective coating onto another material, much like the spray of

paint. The spraying of refractory materials has found use in the oil refining and

chemical industries. For example, protective refractory materials are sprayed

on parts of catalytic cracking systems which are subject to destructively high

temperatures. Also, relatively inactive materials can be sprayed on piping which

is especially subject to corrosion in a chemical processing operation.

Plastics can be sprayed on electronic components by reducing the tempera-

ture of the plasma; this protects the components from vibration and moisture.

Using a plasmajet to spray plastics eliminates the need for baking. The plasma-

jet can also be used as a torch to make extremely clean cuts through thick metals;

the high temperature of the plasmas makes this possible.

Because of the plasmajet's ability to deliver large amounts of heat per unit

time, the plasmajet has been used as a pre-heater in chemical processing. This

is also the reason for its use inhyperthermal wind tunnels. The plasmajet has

also found commercial use in the welding of difficult materials.

One of the latest applications of the plasmajet is its use as a high intensity

light source. The extreme temperature of the plasma provides both brightness

and total radiation levels several times that achieved by other man-made con-

trolled sources of light.
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Finally, theplasmajetis beinginvestigatedasanelectric rocket for pro-
pellingsatellitesthroughspaceoncetheyhavebeenestablishedin orbit, andfor
maintainingtheattitudeof a satellite in space.

AvcoCorporation
ResearchandAdvancedDevelopmentDivision
IndustrialProductsSubdivision
Lowell, Massachusetts
plasmagun The Industrial Products Subdivision was established by

system Avco approximately two years ago. It is responsible

for the further development, testing, and sales of prod-

ucts from the Research and Advanced Development Division which appear to have

commercial application. The following is one example.

The development of Avco's plasmagun system began when Avco was required

to simulate the aerodynamic conditions of missile re-entry for the Air Force Atlas

and Titan missile programs. In order to do this, it was necessary to develop a

heat source for high temperature aerodynamic testing. The research conducted

to obtain this high temperature heat source resulted in the basis for the plasmagun

system. The system itself evolved from further R & D funded by Avco.

The plasmagun system consists of three components: a plasmagun, a power

supply, and a control console. Together, these produce a stream of inert gas with

temperatures as high as 30,000°F. Powdered materials, injected into the plasma

stream, are melted and propelled by the plasma stream, forming a high velocity

spray which can be used to coat surfaces.

The plasmagun system provides an economical means of coating many com-

mon materials, extending their useful applications, and increasing their durability.

In a typical application, a plasmagun spray coating will raise the melting point of

the basic surface, increase its abrasion resistance, and produce corrosion and

oxidation re sistance.

Many of the units are sold to firms in the aerospace industry but customers

include a number of firms in industrial product industries.

Metco, Inc.

Westbury, Long Island, New York

plasma flame Metco, which has developed a plasma flame spray gun

spray gun for use in producing flame spray coatings, also pro-

duces the refractory, ceramic, and carbide materials

for use in the basic gun. Development of the plasma flame spray gun at Metco

was not caused directly by the missile/space program, but the missile/space pro-

gram gave major impetus to this development. Refractory coatings produced by

the plasma flame sprays are used extensively as heat barriers in rocket nozzles

and other rocket engine parts operating in a corrosive environment.

Present commercial applications of the plasma flame spray gun are in the

paper, machine tool, aircraft, small engine, and electronics industries. Wear

resistant coatings, conductive coatings, and dielectric coatings are the primary

applications in these industries. The company expects future applications in the

cryogenic and general machinery fields in both corrosion resistant coatings and

wear resistant coatings.
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J. TELEMETRY AND COMMUNICATIONS

i. General

An important problem area of the missile/space program is that of establishing

absolutely reliable communications with the space vehicle.

The communications system can serve many purposes: telemetering remotely

collected data, transferring information to and from astronauts, vehicle tracking and

navigation, remote monitoring of the vehicle's condition, and remote control of the ve-

hicle's operation. Radio antennas, transmitters, receivers, and specialized data con-

version and handling equipment comprise the system.

Vehicle-borne systems and ground-based systems both contain the components

mentioned above, but in quite different form due to differences in allowable weight, size,

and power requirements. Vehicle-borne antennas, therefore, are small and transmitters

are usually less than I0 watts. Ground-based antennas, on the other hand, are highly

directional, movable, and large--having diameters on the order of 100 feet. Transmitters

of extremely high power are used. Data to be transmitted are usually coded to make

transmission more efficient and reliable, i

The total problem of space communications can be subdivided into the following

areas: i) the design of effective antennas; 2) the development of receivers which will

amplify weak signals with a minimum of self-induced noise, e.g. , parametric amplifiers

and masers; 3) emphasis on minimum size, weight, and power consumption in trans-

mitter and receiver development; 4) the application of transmitter and receiver modula-

tion techniques in conjunction with information theory to get maximum reliability in a

noise environment; 5) the choice of optimum coding and decoding techniques to prevent

accidental or unauthorized operation of remote control functions; and 6) the alleviation of
l

crowding of the electromagnetic spectrum.

Requirements on military communications systems are similar in many respects

and equally severe. Therefore, it is impossible to separate the impetus given the field

of communications by the missile/space program from that given by the military re-

quirements. 1 Nevertheless, it is believed that missile/space has made a considerable

contribution to many phases of the area of communications as typified in the examples

which follow this section.

Examples of present or potential commercial communications devices which have

received impetus from the missile/space program follow.

Data Control Systems, Inc.

Danbury, Connecticut

improved To meet requirements of the Minuteman program, Data

telemetering Control Systems has improved several of its products.

equipment The improvements include advanced circuitry, greater

accuracy, increased reliability, extended operating

range, miniaturization, the use of solid state components, and plug-in flexibility

(one motion changing of filters and tuning units in discriminators). The improved

products, all developed with in-house funding, which fall into the general telemetry

category are: I) Voltage controlled oscillatorswhich convert analog voltage sig-

nals from transducers into frequency modulated subuarriers suitable for direct
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magnetic recording or modulation of a radio frequency subcarrier. 2) FM sub-

carrier discriminators used for data acquisition and playback of tape recorded in-

formation or the reduction of signals from FM radio telemetry receivers. The

discriminators, available in a wide range of frequencies, convert frequency modu-

lated inputs from tape or receiver to analog voltage suitable for readout and anal-

ysis. The discriminators are normally used in conjunction with the oscillator

described above. 3) Solid state line driving amplifier capable of summing outputs

from up to 18 voltage controlled oscillators. This unit is usually used in con-

junction with the voltage controlled oscillator described above. 4) Pulse syn-

chronizer which accepts pulse coded signals of various formats from radio re-

ceivers, tape recorders, or other signal sources. It smooths and reconstructs

the data bits providing a minimum of three decibel improvements in the signal-

to-noise ratio. Pulse synchronizers can be used to improve the quality of input

to any type of digital device, e.g. , a computer.

The company has conceived and built complete commercial telemetry sys-

tems which incorporate the components mentioned above as well as systems

experience gained from missile/space research. Commercial applications in-

clude: oceanographic research data acquisition and playback systems, medical

re search data systems, automotive engine test data gatherlng, aircraft flight

testing, impact testing research, and pipeline remote telemetering.

Cubic Corporation

San Diego, California

The Cubic Corporation is primarily engaged in the research, development,

and production of highly accurate, complex tracking systems employing both angle

measuring equipment and distance measuring equipment (AME and DME). AME

compares the phase, at two separate antennas, of signals transmitted from the

vehicles to be tracked. The phase difference is proportional to the difference in

travel time from a transmitter to the two antennas, and therefore proportional to

the difference between the two transmission path lengths involved. Because the

separation of the antennas is small compared to the path lengths, the path length

difference is directly proportional to the direction cosine (with respect to the

antenna baseline) of a vector pointing at the vehicle.

DME consists of a transmitter and interrogator at the measuring station and

a transponder in the vehicle. Frequency modulated transmissions are received by

the vehicle, re-transmitted by the transponder in the vehicle, and received back

and demodulated at the interrogator. The phase difference between the modulated

wave and the demodulated wave is directly proportional to the round-trip distance

from the interrogator to the vehicle. The actual measuring technique for DME,

then, is fundamentally the same as for AME; in each case the desired output is

obtained through phase comparison. Cubic DME continuously displays range in

feet and in electrical form while Cubic AME presents direction cosine data to six

decimal places in both visual and electrical form. These two techniques are

basic building blocks in the more complex Cubic systems.

The company, in the early 1950's, received a contract from the Air Force

Missile Test Center to produce two missile tracking systems for the Atlas pro-

gram. Later, Cubic developed a system for Bendix (under NASA contract) to

track continuous wave signal sources and provide pointing information for narrow
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beamwidth radar. Knowledgegainedfromthesetwocontractshascontributedto
severalnon-missile/spacedevelopments,describedbelow.

MOPTAR The first, called MOPTAR (Multi-Object Phase Tracking

and Ranging), was developed for the National Aviation

Facilities Experimental Center to evaluate various landing systems. Since

MOPTAR produces considerably more accurate information than the equipment it

is used to test, it could also be used for aircraft landing control.

Electrotape A by-product of Cubic DME techniques is a portable sur-

veying instrument which measures line of sight distances

from 250 feet to 50 miles, with resolution to ± l centimeter. The system, called

Electrotape, consists of two tripod-mounted instruments which are placed at oppo-

site ends of the line segment to be measured. A signal generated by one is re-

ceived and re-transmitted by the other; the phase shift measured at the original

transmitter is used to determine the exact distance.

A South African company called Telurometer had developed a system very

similar to Electrotape prior to Electrotape's development. However, Cubic

points out that Electrotape was developed independently as a result of its missile

tracking DME work and its system is different in several respects.

AERIS A third system called Airborne Electronic Ranging In-

strumentation (AERIS) also evolved from original missile

work. AERIS is used in photogrametric mapping, geodetic surveying, and geo-

physical prospecting.

International Telephone and Telegraph Corporation

ITT Federal Laboratories

Nutley, New Jersey

high-power High-powered communications transmitters (power range

transmitters I0-15 kw; frequency range 2-8 kmc), an outgrowth of 25

years of engineering development of microwave equip-

ment, have been improved for use as ground station transmitters for communicat-

ing with satellites and spacecraft. Development was funded partially in-house,

partially by NASA for Echo I, and partially by the Signal Corps.

This equipment is currently finding non-missile/space application in long

haul point-to-point telecommunication.

parametric The company has recently developed a parametric ampli-

amplifier fier based on low noise amplification studies and newly

available solid state diodes. Development of the ampli-

fier was funded by the company; however, it was built for use in ground station

receiving equipment to improve upon the sensitivity of equipment detecting weak

signals from space vehicles and weak signals from stars in radio astronomy.

The principle upon which a parametric amplifier works involves an energy

storage element which has a variable energy storage parameter. The element

is coupled to a resonant circuit, and the energy used to drive the varying param-

eter of the storage element is transferred to the energy contained in the resonant

circuit, and is thereby amplified.
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Themajor advantageof a parametricamplifier is that it amplifiesmicro-
wavesignalswithaminimumof self-generatednoise. Until recentlymicrowave
amplifier operationhasdependeduponthermally emittedelectronsin a vacuum,
e.g. , klystrons, travelingwavetubes,andhighfrequencytriodes. A significant
limitation of the latter typesof microwaveamplifier is theadditionof noiseto the
amplifiedsignalbytheelectronsbecauseof their hightemperature.

Non-missile/spaceapplicationof ITT's parametricamplifier is presently
in high sensitivitycommunicationreceiversappliedto point-to-pointinformation
transmission.

GoodyearAircraft Corporation
Akron, Ohio
highly GoodyearAircraft hasproduceda series of highlydi-
directional rectional antennas which were developed in conjunction

antenna with BMEWS (Ballistic Missile Early Warning System),

Nike-Zeus, and Syncom programs. One distinguishing

(potential) characteristic of these antennas is the high pointing

accuracy achieved through a minimization of manufacturing tolerances, structural

deflections or movement, and electronic variations.

The same technology is now being applied to antennas for commercial com-

munication via space satellites. The results should be improved transmission

and reception.

3-D New antenna technology, much of which comes from

radar missile/space research, will permit the development

and operation of 3-D radar, of benefit for future space

(potential) rendezvous. Outside space fields, the technology could

be employed for operation, landing, and take-off of Mach 3 aircraft.

Martin Company

Orlando Division

Orlando, Florida

RACEP Martin produces and uses RACEP communications sys-

tems. (RACEP stands for Random Access and Correla-

tion for Extended Performance. ) The systems are used in tropospheric scatter

communication, satellite communication, missile guidance, and ground based

mobile telephone systems.

RACEPhas its roots in pre-space developments in radar technology, micro-

wave technology, modulation theory, and information theory. The missile/space

effort contributed to RACEP's development through requirements for jam resist-

ance and band width efficiency, due to the problem of spectrum crowding, and

through developments in advanced propagation techniques, wide-band circuit de-

sign, and communication theory. RACEP was originally studied for command and

control communications in the Pershing missile system.

RACEP transmits an audio signal by sampling it periodically. The sampling

period is broken down into discrete intervals and the amplitude of the audio signal

is encoded by assigning a signal of a given amplitude range to a particular interval

within the sampling period. The intervals within the period are further broken
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down into sub-intervals which are each assigned a different frequency. In tropos-

pheric scatter works where signals bounced off the troposphere are subject to

rapid fade (depending on frequency) the use of several frequencies increases the

chances that a signal will get through while conserving power. In military or

space work, the possible use of several frequencies enhances the ability to code

signals. An integrator circuit at the receiver, if attuned to the right frequency at

the right time, reconstructs the waveform.

Data transmission takes place in a manner similar to audio transmission.

However, in data transmission the interval within a sampling period stands for a

binary bit rather than a signal amplitude.

Present commercial applications of the system include mobile radio sys-

tems which have the capability of a dial telephone system, but no switchboard,

and air-ground communications for air traffic control. Potential non-space uses

include commercial over-the-horizon communication links and economical, re-

liable communications systems for underdeveloped countries.

Philco Corporation

Western Development Laboratories

A Subsidiary of Ford Motor Company

Palo Alto, California

hibernation A transmitter developed on their own time by Philco

transmitter engineers working on the Courier satellite was adopted

by the National Geographic Society and used for tracking

the hibernation patterns of bears in Alaska. The transmitter was powerful and

rugged enough to be fastened to the neck of a bear and used to track the bear wher-

ever it went. While not a very significant transfer, it is an interesting one. The

company had no direct connection with the development and has no plans to exploit

it due to the limited market.

big Big dish antennas are not new but have been refined as

dish a result of the space program. The major program

antennas which gave the antennas the most impetus at Philco was

Discoverer. Philco built and refined these antennas for

tracking stations all over the world. Once developed, similar antennas were sold

to the University of California and the University of Texas for use in radio astron-

omy.

Although there may be some argument as to whether radio astronomy is

part of the space program, it is felt that radio astronomy deviates sufficiently

from normal concepts of the space program to warrant its inclusion in this report.

Regency Electronics Inc.

Indianapolis, Indiana

telemetering

receiver

(potential)

A solid state telemetering receiver was recently built

by Regency for the Navy to be used as part of a tracking

and scoring system for various shipboard missiles. Since

building the original receiver, Regency has uncovered
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numerous other uses, generally in the missile/space lield. The original receiver

was funded by the company and built in anticip/tion of the Navy requirement.

The contribution of this development to commercial purposes is a techno-

logical transfer. Regency had been deferring certain high frequency applications

in its commercial communications receiver line because of lack of capability. The

development of new design techniques and construction capability for the Navy re-

ceiver helped to bridge this gap, and projects are underway to adapt this receiver

to Regency's commercial line.

Sanders Associates, Inc.

Nashua, New Hampshire

phased

array

antennas

(potential)

Phased array antennas, still in the development stage

for missile/space use, are being simultaneously de-

veloped for use in air traffic control. Progress towards

both missile/space and commercial uses is actually

concurrent, and both have provided impetus for its de-

velopment.

Potential missile/space uses of this development include multi-target sur-

veillance, tracking, and communications. Air traffic control is seen by the com-

pany as its most promising non-missile/space application.

Electro-Voice Inc.

Buchanan, Michigan

improved

electro-

acoustic

products

Electro-Voice is producing improved noise-cancelling

microphones, earphones, and high powered loud

speakers and projectors as a result of its missile/space

work. In these cases, the company improved an existing

device, already being sold commercially, to meet the

requirements of the program. The equipment is being used in space vehicles,

ground support equipment, and in associated communications equipment.

Commercial applications of these products closely parallel the missile/

space applications wherever there is a demand for maximum intelligibility and

reliability; specific examples include noise-cancelling microphones, widely em-

ployed for ground personnel communication around airports, particularly jet

airports. Airports are also large users of the company's Compound Diffraction

P_ojector PA loudspeakers where the same problem of overcoming ambient noise

is a persistent nuisance.

Douglas Aircraft Company

Diver sified Products Department

Santa Monica, California

Two communications systems, which had their origin in the missile/space

activities of Douglas, are the Posifix System and the Audio-Pac communications

speaker.

Po sifix

re scue

system

The Posifix system, composed of an airborne detection

subsystem and a beacon-antenna subsystem, provides
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anaccurateandrapidmeansof locatingdistressedpersonsor objects. In actual
use, the Posifixprovidesstraight line homingcapabilityfrom maximumrange.

WhenthePosifixbeaconradiatesa signal,a positivedirectional indication
is registeredontheindicatorin thepilot's panel. In a situationwherethepilot
canconceivablyestablisha reciprocalcourse,i.e., fly awayfrom thebeacon,
the indicator will begin to give a left or right indication, depending on the devia-

tion from the established course. As the pilot corrects to center the needle, he

will receive signals which will call for even more left or right correction as the

case may be. Thus he will be brought back on a true course to the beacon. This

system has consistently provided positive directional information from 100-mile

ranges, with error over target of approximately 20 feet.

The system is being marketed but no units have been sold to date. It is in-

stalled in aircraft of the Italian and Spanish Air Forces, and in a U. S. Navy heli-

copter and a U. S. Air Force plane for testing only.

Audio-Pac The electronic Audio-Pac is an advanced voice amplifi-

communications cation unit for protective breathing equipment. After

speaker initial design by Douglas personnel, it was developed in

cooperation with municipal and industrial experts in

protective breathing equipment.

The device is wireless, measures 2-1/2 inches in diameter, and weighs

about II ounces with batteries. It can operate continuously for 8 hours, has a

maximum range of 500 feet, and performs efficiently within a temperature span

of 160 degrees. It has recently been placed on the commercial market.

2. The Maser

Both General Precision, Inc. and General Telephone and Electronics consider

the maser a device which has received a considerable amount of missile/space motivated

development; several persons at other companies concurred but were less definite in

their opinion. However, no one interviewed was close enough to the situation to cite a

specific example of missile/space transfer to the maser. Since the maser is an impor-

tant development which appears to have a partial missile/space connection, and would be

conspicuous by its absence, a brief background is presented here.

The maser (an acronym for microwave amplification by stimulated emission of

radiation) is important to space communication because of its ability to amplify a weak

signal with a minimum of self-generated noise. Furthermore, the maser may open vast

new areas of the electromagnetic spectrum for communication in the near future.

The maser works by elevating electrons ina particular element or compound to an

unnaturally high energy level. When the electrons are made to fall back to their normal

energy level, coherent, monochromatic electromagnetic energy is emitted.

The maser: i) is the only device which emits coherent radiation in the infrared

and visible portions of the electromagnetic spectrum, 2) can be made into the most

noise-free microwave amplifier known, 3) is the most monochromatic infrared

source known, 4) has extreme frequency stability, 5) has an extremely high output power

radiation intensity which can be focused to 100 million watts per square centimeter, and

6) has a very narrow beam of output radiation.
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Theseuniquepropertiesgive rise to proposedapplicationsin spaceandterres-
trial communications,moreaccurateradar, metal or material cuttingandwelding,
weaponry,time measurement,chemicalprocessing,andbasicresearch.

Thefirst stimulatedemissionwasnotedin lithium flourideat 10megacyclesby
PurcellandPoundin 1951.z This systemhadnopowergain, but in 1953J. Weberpro-
posedthat anamplifier couldbebuilt. 3 Thefirst two-levelgasmaserwasproposedand
built byJ. P. Gordon,H. J. Zeigler, andC. H. Townesin 1954-1955.4Thefirst three-
level solidstatemaserwasproposedbyBloembergenin 1956,5andthe first three-level
solidstatemaserwasbuilt byScovil, Feher, andSeidelin 1957.6All of thepreceding
masersoperatedin themicrowaveregion. Thefirst opticalmaser(laser) wasbuilt at
HughesAircraft CompanybyT. H. Maimanin August1960,usinga rubycrystal which
givesa red light output. R. J. Collinsandothersat Bell Laboratoriesannouncedtheir
ownopticalmaser in October1960,alsomadefrom a rubycrystal. P. P. Sorokinand
M. J. Stevensonat IBMannounceda calciumflourideopticalmaserin Januaryof 1961,
andP. Miles at MIT wasreportedto haveconstructeda bariumflouride opticalmaser
in May1961.7
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K. VIBRATIONAL TESTING

In recent years there has been an intensified demand for reliability as a design

consideration, especially in the missile/space and aircraft industries. As a result,

many ground-based equipments have been designed to simulate the environment in which

components must function reliably. Accelerations due to shock and vibration and vice

versa are among the most important of the many environments that must be considered

in the design of equipment.

During World War II various aircraft components and systems failed to operate

properly due to the effects of vibration; this led to vibrational testing of aircraft com-

ponents. The first type of "shaker" used for this purpose was a table designed to oscil-

late in one plane at frequencies up to 50 cps. The table was driven by an electric motor

through a variable speed drive and a crank or a "Scotch Yoke. " About 1946 more refined

studies of vibration in aircraft led to vibration environmental test specifications requir-

ing sinusoidal vibration tests ranging in frequency from 50 to 500 cps. Since mechani_

cally driven shakers were inadequate, electrodynamic vibration exciters were developed

to meet these requirements. Later, when jet and rocket engines came into wide use, it

was found that vibrations measured on jet aircraft and missiles were seldom sinusoidal;

vibrational energy was found to exist over a wide frequency range.

The electrodynamic exciters mentioned above were subsequently adapted to pro-

vide a random vibrational environment in which signals ranging from 20 to 2,000 cps

could be superimposed on the controls of the vibration exciter. I Devices for producing

various types of shock pulses on aircraft and missile components have also been de-

veloped to improve component reliability. A mechanical shock is characterized by signi-

ficant changes in stress, position, acceleration, or velocity in relatively short periods

of time. The schemes used for analysis of shock motions may employ either a pulse of

known waveform or a complex shock whose waveform cannot be expressed in simple

mathematical form. Equipment designed to produce and evaluate the effects of this type

of motion range from simple drop test rigs to the fairly complex systems discussed in

the examples which follow.

Vibration and shock testing today is an indispensable tool of engineering develop-

ment, particularly in the aircraft and electronic industries, as well as in the missile/

space field. It promises to become increasingly important in the future. The more

severe vibration environment encountered in supersonic aircraft and missile/space opera-

tions requires continual development of new and improved techniques and equipment for

vibration and shock te sting. 2

Avco Corporation

Research and Advanced Development Division

Industrial Products Subdivision

Lowell, Massachusetts

shock

test

machine s

A series of shock test machines which Avco is currently

producing had its origin in the Air Force's Titan missile

prograrn. At that time, Avco developed the machines

to shock test missile assemblies, verifying their relia-

bility prior to production runs.
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TheSM-030tests largeassemblieswhichmust operatewith a highdegree
of reliability. Thismachinehasa capacityof l, 000poundswith standardimpact
devices,andit subjectslarge specimensto awidevariety of shockpulsesin-
cludinghalf-sineandsawtooth.

TheSM-005-2is designedto test electronicandelectromechanicalcom-
ponentsin productionoperations. It will produceandprecisely reproducethose
shockpulsesrequiredfor relay, tube, transistor, diode,resistor, andmicro-
modularpackagequalificationincludingthe 3,000g,0.2mspulserequiredby
MIL-S-19500Bandthe30g, llms pulserequiredbyMIL-STD-810. This machine
hasa capacityof 30pounds;in operationthe specimencarriage is raisedandpro-
pelleddownwardby pneumaticpressure. It hasbeendesignedto operatefrom
standardplantair lines andpressures.

TheSM-010-3machineis a precisionfree-fall shocktestdevicewhich
accuratelyproducestheshockpulsesrequiredbymostmissile andelectronic
environmentaltest specifications. Havinga specimenweightcapacityupto I00
pounds,it is beingusedto qualifygyros, relays, transistors, tubes,diodes_
accelerometers,andmanyelectrical, electronic, andmechanicalitems that
must operatewitha highdegreeof reliability.

Thecompanyanticipatesthat this series of shocktest machinescancon-
tribute to substantialsavingsfor industryby eliminating,prior to large produc-
tion runs, thosedesignswhichwouldbefaulty or marginal.

Themajority of salesto datehavebeento firms havingmissile/spaceappli-
cations. In addition,however,a numberof unitshavebeensoldto theaircraft
industryto simulateandchecklandingshocksfor commercialaircraft production.

multi- Also originatingin ballistic missile researchanddevelop-
purpose ment conducted by Avco, this testing fixture is a modified

environmental T-type with horizontal and vertical mounting surfaces. It

test fixture is cast magnesium with exceptional resonant response

that is well suited to environmental testing applications.

Transmissibility does not exceed I. I0 up to 2,000 cps.

With both a vertical and horizontal mounting surface, specimens up to 25

pounds can be subjected to test conditions along all three mutually perpendicular

axes in the single fixture. To meet the requirements of more demanding test

programs, the device is available in beryllium at extra cost.

The fixture may be used interchangeably for vibration excitation, shock,

acceleration, and other applications that require a rigid, resonance-free mount-

ing for the test specimen.

The majority of sales to date have been to the missile/space industry. How-

ever, some sales are now being made for use in aircraft production.

Both the shock test machines and the multi-purpose environmental test

fixture required company funded development to adapt them to the commercial

market.
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Ling- Temco- Vought, Inc.

Ling Electronics Division

Anaheim, California

vibration The Ling Electronics Division manufactures, among

test other products, vibration testing systems for both in-

equipment dustry and the military. The equipment is used for the

purpose of simulating dynamic vibratory conditions in

the iaboratory or on the production line which may be encountered in the actual

end use of the article being tested. In the laboratory, the equipment is used for

fatigue testing ofmateriaIs, components, and packages to specified levels of

acceleration and vibrationaI frequency. On the production line, it is used to test

components to assure their performance within the specified vibration limits.

The principal present use of these systems is for testing the reliability of

missile/space vehicles and their sub-components. Prior to its use on missile/

space systems, the equipment was used in the aircraft industry for testing both

propelier and jet-driven planes.

Commercially, this equipment has been applied to automotive research for

improving performance of automobiIes when subjected to vibration. It was made

commerciaIly feasible for use by the automotive industry by the relatively large

scale production of similar systems for the mlssiIe/space market. This latter

deveIopment was funded by the company.

Textron Electronics, Inc.

MB Electronics Division

New Haven, Connecticut

vibration

test

equipment

The MB Electronics Division develops and produces

sophisticated machines which simulate advanced environ-

mentaI vibrations existing in military aircraft, ballistic

missiles, and sateIlites. The purpose of the machines

is to improve the reliability of space and military equipment. Sales of the equip-

ment, developed with company funds, are primarily to firms engaged in the de-

velopment of space and military vehicles.

Some of these machines are now being used to improve the reiiability of

commercial items. In addition, less complex machines are being developed for

less demanding commercial applications. The company anticipates that its activ-

ities in these commerciaI areas will increase in the future.
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L. PACKAGING AND SHIPPING

Circumstances which are particularly acute in the missile/space industry have

necessitated improvements in packaging and shipping containers. Components developed

for the industry usually have a high value per pound and are easily damaged. In addition,

by the time they reach their destination where they become part of a missile, rocket,

space vehicle, or support equipment, most components have been handled many times by

subcontractors as well as the prime contractor. Two problems are thereby created:

i) The probability of damage is increased due to frequent handling. 2) Constant packing

and unpacking of parts or sub-assemblies for inspection and shipment significantly in-

creases the overall cost.

Devices which have been developed to alleviate these problems are described

below.

Navan Products, Inc.

Subsidiary of North American Aviation, Inc.

E1 Segundo, California

Klimp Navan Products, Inc. has developed two devices in the

and course of its missile/space work which now have appli-

Kudl-Pak cation to other industries. The first of these products

is called a "Klimp." A Klimp fastener is an L-shaped

spring wire clamp which replaces a nail in holding a packing box together. Al-

though it is initially more expensive than a nail, it is far cheaper to use in the

long run, according to Navan. Neither the Klimp fasteners nor the packing box

are damaged in the packing or unpacking operation, which means that packaging

material can be used repeatedly. The unpacking operation is accelerated due to

the fasteners' ease of removal. Other advantages of Klimp fasteners include:

disassembled panels can be stored in one-fifth the space required to store assem-

bled boxes; box panels are being standardized and can be mass produced; and

modular panel construction is possible, permitting a wide variety of boxe_ to be

made from a relatively few basic panel sizes.

Klimp fasteners are now being marketed to many different industries. Large

users of Klimp fasteners include firms in the automotive, furniture moving, rub-

ber, produce, and food industries. The U. S. General Services Administration

has made Klimp fasteners a stock catalog item.

In the process of marketing the Klimp fastener, Navanhad to sell military

and industrial packaging interests on creating new wooden container specifications.

For example, the existing cleated container specification set forth 13 different

cleat sizes. This presented a need for an impractical number of Klimp sizes.

Navan got specifications written and published which set forth 3 cleat sizes. This

effort alone took from 1957 to 1961. The National Wooden Box Association is now

sponsoring a federal commercial specification for Klimp fasteners paralleling the

military one.

A variation of the standard fastener is called the "Klimp Celery Clamp."

This is in the final stages of approval for sale to the food industry to hold vegeta-

ble packing boxes together and to prevent much in-shipment damage resulting

from load shifting.
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Thesecondpackagingproduct,marketedby Navan,is called "Kudl-Pak."
Kudl-Pakcontainersare madefrom a rugged,vacuumformedor injectionmolded
plastic casewhich is hingedononesideandsnapstogetherontheother. Thein-
sideis filled witha polyurethaneflexiblecushion,makingsurfacesof thecushion
overlockwhentheboxis closedandholdingthecontentssecurelyin place. The
flexible cushionadaptsitself to the shapeofthe part. Thedistinguishingadvantage,
therefore, is a standardtypeof packagewhichadaptsitself to anyshape. The
needfor customnestingis eliminated.

Kudl-Pakcontainersare nowbeingsoldin volumeto producersof electronic
products,precisioncontrols, precisionmachinedparts, andtiming devices; use
in manyother industriesis rapidly increasing. Aninterestingsidelight to the
marketingof Kudl-Pakcontainersis thewayin whichNavandramatizestheir ad-
vantages. Salesmenplacea rawegginsidea Kudl-Pakboxandair mail it to
prospectivecustomers.

AlthoughNavanhadnoexpectationthatKudl-Pakcontainerswouldreplace
eggcartons, a firm is nowcontemplatingtheir purchasefor this purpose. This
firm wantsto shipvery expensive,"i00 percentdisease-free"eggsto laboratories
in Kudl-Pakboxes.

GeneralDynamics Corporation
GeneralDynamics/Electronics
SanDiego,California
Shock TheShockMasteris a low-costmechanicaldevicethat
Master (R) positively indicates with a bright red signal when pre-

determined shock levels have been exceeded. It can

be installed in containers, boxes or crates, or on cargo or vehicles, providing

the shipper, the manufacturer, and the customer with an irrefutable record of

shock.

The device was developed by the Pamona Division of General Dynamics/

Electronics, under a Navy Bureau of Ordnance contract, as a shipping container

for the Terrier missile. It automatically reports rough handling and thus elimi-

nates undetected and potentially damaging shocks to sensitive instruments during

transit.

The device is mounted inside the container before it is sealed for shipping

and operates in the following manner: The instrument contains a spring-loaded

weight with an integral trigger which engages with a spring-loaded sleeve. When

tripped, the sleeve moves along a guide rod and exposes a red band. The instru-

ment is incased in a metal housing covered by a transparent plastic dome. When

shock occurs, the weight is forced down against the spring, disengaging the trigger

from the sleeve which moves to expose the red band. The device can be reset by

inserting a wire into a hole on the side of the dome and pushing the sleeve back to

its cocked position. Characteristics of the device include:

Accuracy: the standard model trips with + I0 percent of setting. Closer

tolerances are available.

Tamper-proof: access to reset can be protected by a safety wire and

inspector's seal.

Size: the standard model measures I-i/2 inches in diameter and l-I/Z

inches high. Smaller devices are available.
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Multi-planeresponse:the deviceis sensitiveto axial shockin onedirection
andto radial shockin all directions.

Variousmodelsarenowavailablecommerciallywith shockreadingsfrom
5to 50G's. TheShockMastercanalsobeusedfor theevaluationof container
design,packagingtechniques,carrier performance,andhandlingmethods. In
additionto beingusedquiteextensivelyfor the shipmentof rocketandmissile com-
ponents,GeneralDynamicsreports that approximately5,000ShockMasters
peryear arenowusedby theprivate sectorof thenation'seconomy.
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M. MANAGEMENT AND CONTROL--PERT

The missile/space program has had its effect on management and control, the

most publicized example being PERT (Program Evaluation and Review Technique ). PERT

is an outgrowth of the sheer complexity of the Navy's Fleet Ballistic Missile, or Polaris,

program.

In 1956, a Special Projects Office (SPO) was organized by the Department of the

Navy to manage the Polaris program. Numerous management tools, some old, some

newly developed, were used by SPO. For example, a "Management Center" was estab-

lished to keep anyone concerned with the program up to date on progress relative to

plans: a single page format, called "Program Management Plan," was used to show

milestones, schedules, task responsibility, supporting responsibility, monitoring respon-

sibility, and progress; variations of Gantt charts were used to depict schedules and prog-

ress; and line of balance charts were used to analyze the mix of effort going into the pro-

duction of a particular item. i

However, despite the merits of these procedures, additional information was

needed to assess the validity of plans and schedules, to measure R & D progress where

the standard measure--money spent--did not necessarily correlate with progress, and

to predict the probability of meeting objectives. In February 1958, a team was organized

by SPO to produce a system to do these things. The team consisted of personnel from

SPO, consultants from Booz, Allen and Hamilton, and specialists from the Missiles and

Space Division of Lockheed. Willard Fazar, credited with guiding PER_F's development,

was team manager. Due to the urgent nature of the Polaris program, and the particular

importance of time in the missile/space industry, it was decided to use time as a com-

mon denominator. A significant change in resources or technology always means a sig-

nificant change in time, and in the defense industry cost is often less important than

time and may be dependent on time. I

PERT, then, is developed around a time sequence flow diagram. Milestones,

representing important events in the life of the project, are selected and linked graphi-

cally with arrows to portray interdependencies. Actual work activity is represented by

the arrows joining the milestones; the resulting flow diagram, structured around these

important events, is called the PERT network.

Times necessary to complete each task between events are estimated in such a

way as to give an appropriate measure of uncertainty. The "most likely time," "opti-

mistic time," and "pessimistic time," are obtained from the person who is to complete

a particular activity or task. A weighted average or expected time is calculated, giving

the time for which there is a 50 percent chance of completing the activity.

The simplified diagram presented below (Figure 1) shows a segment of the PERT

network including the "critical path"--that series of interrelated tasks which will take

the longest time for completion, and therefore, that chain of events whichdetermines the

minimum completion time for the total project. When the network is complex, as it was

in the Polaris program, a digital computer is used to determine the critical path, to set

the date for the end objective, to calculate the latest date by which each event must be

finished if the project is to be completed on time, and to calculate the uncertainty involved

in reaching each milestone.
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Figure 1

SEGMENT OF A PERT NETWORK
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As is often the case in the invention process, a similar scheduling technique was

being developed at approximately the same time as PERT, but quite independently. In

the Engineering Department of E. I. du Pont de Nemours and Company, a group was

formed in early 1956 to study the application of management science to the management

of engineering.2 A first area of attack was the planning and scheduling of construction

and engineering design; the group felt that much could be gained by combining all plan-

ning and scheduling information into a single master plan. In January 1957, Morgan

Walker of the du Pont group approached Dr. John W. Mauchly and James E. Kelley, Jr. ,

of the Univac Applications Center of Remington Rand Univac for assistance. Much work

led to the formulation of a model, MCX (Minimum Cost Expediting )--a parametric linear

program that has as its objectives the determination of the minimum cost of a project as

a function of its duration. In July 1957, the theory was tested on a hypothetical construc-

tion project, and the method wds shown to hold great promise. Nearly all the rules for

flow diagramming the project were developed at this time. MCX became an adjunct to a

broader system which was to be called CPM for Critical Path Method. (The critical path

was, at that time, called the "main chain," the word "critical path" being borrowed later

from the developers of PERT. )

The construction of a new $i0,000 chemical plant facility was selected for the

first live test. By March of 1958_ the first part of the test was complete. The results

indicated that two months could be gained at no additional cost over the time and cost as

estimated by conventional means. Crashing the project, using MCX, would gain an addi-

tional two montlvs at an additional cost of only one percent.
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The developers of CPM were not aware of the PERT development efforts until

early 1959, when a reporter from Business Week informed them of this parallel effort.

As of 1959, there were many basic differences between PERT and CPM. Now, according

to James E. Kelley, Jr. , who is given much of the credit for the development of CPM,

the techniques are similar and becoming more alike all the time. After the original de-

velopment of PERT and CPM, many similar techniques were developed, each with its

own minor variations and name. For example, the Air Force used the system as PEP,

but has since returned to the code name PERT.

What are the original differences in CPM and PERT? First, PERT is a system

which evaluates existing schedules while CPM generates plans and schedules. The rea-

son for this is probably that when PERT was developed the contracts for the Polaris had

been let, and the contracted schedule for most of the work was known. However, the

magnitude of the effort was great (there were over 3,000 contractors and agencies in-

volved), and a tool was needed to evaluate the schedule and to indicate bottlenecks in ad-

vance. Another important difference between PERT and CPM is that with PERT job dura-

tions are random variables--probabilities are assigned to the length of activities--where-

as job durations are known fairly precisely with CPM. Therefore, one time estimate is

made with CPM compared to PERT's three time estimates. PERT, as originally used,

did not include cost as part of the model while CPM did. Now, the Navy's SPO has de-

veloped a new system called PERT/Cost which does take cost into account.

Another important difference is that PERT generates one set of schedule limits

while CPM can generate a spectrum of schedules with the minimum cost for each. A

final difference is in the approach in constructing the model. PERT, as was noted, is

constructed by selecting important milestones in the progress of a project and scheduling

around these while CPM is constructed around the jobs or activities that make up the

total project. It can be seen, then, that PERT is most useful for large, complex opera-

tions where the individual tasks are being done on a first time basis or are of a research

nature where a great deal of uncertainty is involved which needs to be taken into account.

CPM, on the other hand, deals with projects where the time for completion of each task

can be estimated fairly accurately in advance, and the planner wants a series of schedules

for the task with the cost for each. Quite naturally, PERT is more suited to the missile/

space industry, defense industry, and research, while CPM is more suited to civilian

construction and maintenance.

Why then is PERT included in this report as an example of contribution of missile/

space spending? First, specific references were found to the commercial use of PERT

(several other rather vague references were also found, but it was not possible to deter-

mine whether PERT, CPM or a hybrid was used). For example, PERT was used to keep

track of the production of the Broadway play "Morgana."3 At the Southwest Research

Institute, a hybrid, simplified PERT/CPM was used to help schedule construction of a

$20,000 shock tube. 4 H. Sheldon Phelps refers to the use of PERT in the construction of

an office building, a bakery, plant and facilities move, new product design, development

and production, changeover from pilot plant to full production, and computer installation. S

(The reader is cautioned however that CPM is often called PERT, and vice versa in the

literature; some of these applications could be hybrid PERT/CPM.)

Second, and probably most important, the existence of PERT, its use by govern-

ment contractors, its spectacular success on the Polaris program (it was credited with

saving two years over original estimates), and the publicity received therefrom, has

significantly accelerated the diffusion of PERT and CPM throughout industry. The

American Management Association, Management Systems Corporation, the Service
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Bureau Corporation, Mauchly Associates, and several other organizations offer cram

courses in PERT, CPM, or both.

Finally, CPM and PERT are really a way of thinking rather than specific, well

defined techniques. 6 Once one is familiar with PERT or CPM through reading, a class,

or introduction on a government contract, he can evaluate other scheduling problems in

the terms of flow network and critical path, and other techniques are easily assimilated.

Here, then, is another way the missile-developed PERT can, and probably has, lent

impetus to the industrial use of critical path techniques in general. The General Electric

Company, for instance, introduced to PERT on the Polaris program, has adopted either

PERT or CPM in all its divisions. 7
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Chapter VII

DIFFUSION OF TECHNOLOGICAL INFORMATION

The data in Chapter II, reporting the results of the inquiry into information flow

contributing to technological transfers, are rather inconclusive because of the limited

number of replies and the varying sources of the replies. However, the reply tabulation

does support some of the indications and results from other research on the diffusion of

technological information. The combination of the results of this study and those of

other research do point out some of the specific questions which need to be answered if

the transfer of missile/space technology into commercial applications is to be planned

and optimized.

A. BACKGROUND: THE FLOW OF TECHNOLOGICAL INFORMATION

The simplest element of communication may be considered the communication

link, a relationship between an information-disseminating source and an information-

consuming receiver. The two are rela.ted by some sort of channel of communication.

For example, an airport runway marker light is related to the pilot of an approaching

aircraft by a visual communication channel. One person speaking to another, over some

distance, may depend on a telephone circuit for his channel of communication.

Two people conversing face-to-face, or by telephone, or by constant exchange of

mail, make up a two-way link. This is still a fairly simple process; the source has some

acquaintance with the receiver and the receiverls in£ormation requirements. A direct

feedback channel is available for modifications leading to better understanding.

The process of communication between a single source and many receivers is more

complex. It reaches another level of complexity when many of the receivers are unknown

to the source and the disseminator is uncertain about the receivers' requirements. Feed-

back is thus less reliable. The ability of the source or disseminator to influence the com-

munication effects becomes subordinate to environmental and internal factors directly
1

affecting the receivers.

Finally, most complex and apparently most applicable to the flow of space science

and applied science or technology into commercial applications, is the situation with a

great many disseminating sources and a great many consuming receivers. Information

must pass through numerous links and feedback must return through numerous links. Re-

ceivers' information requirements and motivations may be quite unknown to sources. Con-
z

versely, the receivers may be uncertain about credibility of sources.

A direct communication link, controlled by a disseminating source and a consuming

receiver, is not often apt to connect a creator of new scientific information and a user or

adopter of missile/space technology in non-missile/space applications. Instead, informa-

tion about the technology is usually diffused through a network of many different channels,

many different receptions and redisseminations, and among many sources and receivers.

The flow, where that term applies, is apt to be a many-step flow. 3 Furthermore,

different types of information may be required in different stages of the process of adopt-

ing an innovation for use. One source defines these stages as: 1) awareness, Z) interest,

3) evaluation, 4) trial, and 5) adoption. 4
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B. APPLICABLE RESEARCH

Certain research on the diffusion of technological information seems particularly

appropriate to speculation about the flow of missile/space technology. The resources

devoted to research by the U. S. Department of Agriculture and the land grant colleges

have led to many studies on diffusion of innovations among farmers, along with study of

adoption by farmers of technically advanced farming practices, e.g. , a hybrid seed

corn. 5 The number of such studies is given as at least 286 by Rogers. 6 A different field

of inquiry, perhaps slightly more comparable to the commercial application of missile/

space technology, includes a study of how doctors in four communities responded to an

innovation in medical service, a new antibiotic. ? In the examples, study generally was

of I) the movement of a specific innovation, 2)over time, 3) through identified channels

of communication, 4) in a social structure--described in varying detail in the different
8

studies.

None of these studies was primarily concerned with motivations for communica-

tion activity or with varying information requirements among different people applying

the technology. However, the authors of the corn study inferred from their data that

interpersonal influences affected the patterns of diffusion of the innovation. The drug

study went further and indicated that interpersonal influence (among doctors) led to

earlier adoption of the innovation by those doctors who were more personally integrated
8

with others in their medical community.

A study possibly applicable to some problems of communicating missile/space

technology to commercial apphcatlons people is reported in The Flow of Information

Among Scientists. 9 University scientists were interviewed about their scientific informa-

tion needs, their means of exchanging information, and the conditions influencing their

information needs, opportunities, habits, and satisfactions. Numerous motivations for

communications activity were identified: l) the reference function, finding answers to

specific questions; Z)keeping abreast of current developments in one's field; and 3) other

functions, e.g. , brushing up on a forgotten field or a new field, judging the significance

of a topic, broadening one's areas of interest, and getting reactions or feedback on ideas.

From this the authors conceive of scientific communication as a complex system: "...the

totality of publications, facilities, occasions, institutional arrangements, and customs

which affect the direct or indirect transmission of scientific messages among scientists."

One useful concept applied in the study is categorization of communication forms

and channels as l) formal or planned, such as technical journals, abstracts, review

volumes, monographs, newsletters, technical meetings, and conferences; and 2) informal,

personal, or accidental channels, such as material found in literature while searching

for another topic, information contributed by fellow scientists upon being informed of

colleagues' current work or in answer to a specific question, correspondence with col-

leagues, or corridor conversation at conferences or meetings.

Several efforts were made to measure the relative value to the scientists of these

two classes of communication. Generally, scientists' choices appeared to be about

evenly divided between the formal and informal categories, although different scientific

disciplines had quite different patterns of channel preference.

This study by Glock, et al. , is labeled as a pilot study. It reports on interviews

with 77 scientists inthreedisciplinesin a single university. Its results are modestly

described by the authors as "... illustrations of the possible outcome of further work and
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not as reliable findings." Nonetheless, it appears to be an extremely valuable source of

insight into communication of scientific information. 10

C. OBSERVATIONS ON THE APPLICABLE RESEARCH

The applicability of these studies about the communication of technology and

scientific information to our study of missile/space technology flows is uncertain. How-

ever, some observations on similarity and on difference may be hazarded.

i. The farmer adopting a new farming technique, the doctor using a new drug,

and the scientist reading about the modification of a theory are all primary users of

certain types of technological information, and they are identifiable as potential decision-

makers concerning the application of new technology. It is taken for granted that new

farm technology will be primarily applied in farming, that medical innovations will be

first used in the practice of medicine, and that scientific information will be applied to

further scientific research. The communications systems serving these groups have

evolved to diffuse technological information through a specific social structure or com-

munity.

By contrast, this report concerns the flow of missile/space technology from its

sources (or within the source organization) to firms which apply this technology to non-

missile/space uses. These "by-product" uses are secondary uses. The primary uses

of missile/space technology are, of course, application to missile/space programs.

The flow of technological information to secondary users may be more complex

than it is to primary users. The secondary users and related decision-makers may be

a less easily identified audience. They may have no connection with the missile/space

industry and thus they may be in separate industrial social systems or communities.

Conversely, they may be in missile/space firms. The diffusion of missile/space tech-

nology to secondary users may be substantially slower and less complete than is the dif-

fusion process serving primary users, and the degree of similarity of use may affect the

diffusion rate.

On the other hand, the secondary user may be in the same firm or the same re-

search group with a primary user or originator. If a product is directly transferred and

marketed, the secondary user of technology may be the same person as the primary user.

The unit of information leading to a transfer is often information about the characteristics

of a missile/space or primary application, rather than detailed information about the

technology involved in the primary application.

2. Since the secondary or transfer user of missile/space technology is applying

this information for other than originally-intended purposes, he evidently had access to

information on other uses, actual or potential. This indicates that the application of

missile/space technology to marketable commercial uses requires information inputs on

market requirements and market potential, as well as information on the technology

being adopted. Navan Products, Inc. , a subsidiary of North American Aviation, Inc. ,

is an organization set up to acquire and analyze such data, and thus facilitate by-product

development. (See Chapter VIII, "Company Organization and By-Product Exploitation.")

3. The Flow of Information Among Scientists roughly classified scientific com-

munications systems as formal and informal. 9 The two classifications cover the channels

of people doing generally basic research in a university environment.
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Thecommercialapplicationof missile/spacetechnologyis apt to takeplacein an
industrial communitywhichmaybequitedifferent. For instance,scientific and/or appli-
cationsinformationconsumersin a firm may acquire technology informally from custom-

ers, through sales contacts, or more formally from customer requirements information

such as MIL Specifications (an example of this latter case being the Amphenol-Borg con-

nector described in Chapter VI). The firm's contacts with other salesmen offer additional

informal channels, and suppliers' catalogs, advertisements, or meetings furnish more

formal channels. Such marketplace channels were not mentioned in the university study.

Motivation may differ in the two environments. The university scientist is often

thought of as seeking knowledge for its own sake; the commercial applications decision-

maker or firm is largely motivated by desires for profit, market preemption, continuity

of the firm, and/or other commercial goals. The industry scientist or engineer may

have combinations of these motives.

The university scientists studied were working under a long tradition of free

interchange of information and technology; missile/space technology is sometimes in-

hibited from free communication by its common identity with defense technology which is

often highly restricted by security agencies. The diffusion process of missile/space

technology, at the application levelD may also be inhibited by proprietary restrictions

imposed by firms planning either missile/space or non-missile/space applications.

(Several firms preferred not to participate fully in this study because of such proprietary

restrictions. ) Finally, the quantity and the increased rate of output of scientific informa-
II

tionhave overloaded some of the existing communications systems.

4. Thus, it appears that a third type of communications system or facility has

been established to handle space and defense scientific information and technology, in

addition to the earlier defined formal and informal systems. The third type is made up

of many special channels, disseminating agencies, documentation agencies and--in at

least one case--a facility combining the functions of acquisition, storage, and retrieval,

selective dissemination ("to those who need to know"), and evaluation of how much infor-

mation is needed for certain missions as yet unknown. (See description of the Atlas Pro-

ject at the end of this section. )

These special systems are usually set up to cope with special problems, or to act

as supplements to the normal diffusion process. The variety in the special systems is as

great as the variety in the problems. Some of these problems result from security re-

strictions, blocking the normal flow of data. Some firms may hesitate to publish research

results until they are sure they can benefit from their own research, such as reasonable

expectation that patent protection will be granted. Many firms and individuals with little

experience in either generating or applying advanced technology now wish to do so but are

uncertain where they can acquire information. Some advanced applications of science re-

quire information from several disciplines. Scientists and engineers, particularly in in-

dustry, may find it difficult to identify and communicate with other scientists and engineers

in other firms working on similar problems or holding similar interests. Research spon-

sors may have difficulty identifying the right man for a particular project, and it may be

hard to identify the right man for informal contact. Finally, the rapid growth in certain

areas of research has combined with institutional efforts to increase the quantity of

scholarly and scientific publications and to multiply the publications, abstracts, and re-

search reports that are available. It is difficult, even for the government, to keep track

of what government-sponsored research is going on. The importance and magnitude of

some of these problems is the subject of a study recently reported by a panel of the Presi-

dent's Science Advisory Committee. Iz
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Solutions for many of these problems have been attempted by creation of special

communications systems or devices such as:

Armed Forces Technical Information Agency (ASTIA) (now the Defense

Document Center )

Office of Technical Services

Scientific and Technical Information Facility of the NASA Office of

Scientific and Technical Information

Defense Metals Information Center

Vela Seismics Information and Analysis Center at the University of

Michigan

Smithsonian Science Information Exchange

Baldwin-Lima-Hamilton Company's Western Regional Strain Gage

Committee and Annual Seminar

Special Committee on Brittle Fracture of High Strength Materials

of the American Society for Testing Materials

Current ARDC Technical Efforts (CATE) System (now ASTIA

DD-613 program)

Atlas Project of the Lovelace Foundation for Medical Education

and Research

Applied Space Technology Regional Achievement Project of Midwest

Re search Institute

These special communications systems were noted during field work on this pro-

ject, but represent only a small and rather random selection from a vast number of

facilities. The Office of Aerospace Research, USAF, in 1961 compiled a listing of 886

centers, services, sources, and systems engaged in collecting, storing, and dissemin-

ating scientific data and information applicable to aerospace research. 13 Specialized

Science Information Services in the United States, compiled by the National Science

Foundation in 1961 is another reference document on sources of information. 14

Five of the first six special systems listed above are substantially concerned with

storage and dissemination, and all are rather well known and are described in the OAR

and NSF catalogs. Detailed information can be obtained from the agencies themselves.

The remainder are examples of special systems established to cope with specific techno-

logical communications or information problems, and are briefly described below:

The Western Regional Strain Gage Committee sponsors semi-annual seminars on

applications and requirements for and capabilities of resistance-type strain gages. The

Committee is sponsored by Baldwin-Lima-Hamilton Company, a leading manufacturer of

this type of instrumentation.

The Special Committee on Brittle Fracture of High Strength Materials of the

American Society for Testing Materials was established at the request of the Department

of Defense. The Committee includes representatives of industry, government laboratories,

Department of Defense and the ASTM, and it determines standard test methods and design

specifications.
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The Curr_llt ARDC Tech1_ical Effort (CATE)prograiil wa_ a 1_e_ll,_aiz_d system

for quickly identifying the individuals working in particular technical fields of interest to

the Air Force. It has now been taken over by ASTIA as a part of that agency's DD-613

program and information from it is available only through the Department of Defense.

The Atlas Project at the Lovelace Foundation for Medical Education and Research

is seeking to mechanize the acquisition, storage and retrieval, selective dissemination

to those who need to know, and evaluation of information on bio-astronautics. The evalu-

ation function includes quantitative estimates of the proportion of research yet to be done

in specific fields before certain space missions can be attempted. Monthly atlases or

state-of-the-art reviews are to be furnished NASA on certain critical areas of bio-astro-

nautics re search.

The Applied Space Technology Regional Achievement Project at Midwest Research

Institute is experimenting in the field with ways to speed up the transfer of space related

technical developments to industry. The Institute screens, repackages, and disseminates

information on new technology to several hundred firms in the Midwest. This project is

sponsored by NASA.

D. TOPICS FOR RESEARCH

In Chapter II it was suggested that optimization of the commercial application

process (of missile/space technology) would depend on greater understanding of the tech-

nological diffusion process than now exists. It was also suggested that the nature of the

different types of information needed by technology users and by-product developers

should be identified and defined. Specific questions for such research are asked in the

following paragraphs.

Several questions for further research asked in The Flow of Information Among

Scientists are probably appropriate for consideration here, too. I_ Assuming the impor-

tance of informal or personal communication channels in the flow of missile/space tech-

nology, what are the forms of personal communication which bring relevant news to its

users? How much access do scientists (or other consumers of scientific information and

technology) in different positions have to the fruitful forms of personal communications?

Should more research be made available through literature and formal channels, or

should informal channels be made more usable, or both? (The informal channels might

be made more usable by registers of personnel, indexed by field of interest or current

effort similar to the Smithsonian Science Information Exchange, or the CATE system

described in Section C.) How is an individual motivated to keep himself informed?

These lead to other questions. How important are the informal or personal

channels for information in the industrial environment? What are the intra-firm informa-

tion diffusion processes? How does the industrial environment for consumers of scientific

information differ from the univer sity environment, and which of these differences affect

the flow of scientific information and technology? Are there differences in social struc-

ture or institutional environment between mis sile/space facilities and non-mis sile/space

commercial facilities which affect the flow of scientific information between the two?

More specifically, what channels are most easily used in common by both missile/space

and non-missile/space (or commercial) constlmers of the information? Does information

flow more easily from non-space research to space application than from space research

to non- space application ? 14
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The formal systems of scientific communication and the often-related special

systems are certainly of great importance in the information diffusion process. The en-

tire field of documentation, machine retrieval, machine translation, and machine abstrac-

tion is presently the subject of intense research efforts, 17 and a review of this would prob-

ably dominate any discussion of the formal and special systems. Such a review is beyond

the scope of this study, although it might evolve if these suggestions for further research

were followed.

Another basic concern is the possible difference between primary use of missile/

space technology (its use in missile/space programs)and secondary or by-product use.

Do the information-consuming habits of the primary and secondary users differ? If this

should be a fruitful approach to research, a number of questions to users might concern

differences in channels, information needs, appropriate level of abstraction (statement

of principle vs. detail of operation or production), and motivations or incentives to adopt

missile/spacetechnology for other uses.

In the specific field of commercial applications of missile/space technology,

several questions seem appropriate. What sorts of information on the results of space

R & D most often lead to commercial applications? That is, where along this continuum

does the information fall which has led to secondary applications?

pure scientific

information

description of a

primary application

How does this information get to the decision-maker (individual or collective) who de-

cides on the development and marketing of commercial products ? Who is this decision-

maker? What are his motivations for commercial application of missile/space technology?

Who are the other consumers of scientific information and technology involved in develop-

ment and what are their motivations ? To what extent do all of these individuals consider

commercial application of missile/space technology to be in the national interest? In the

interest of their firm? In their personal interest? What is the role of change agents, i.e. ,

special advocates of the application of missile/space technology to commercial uses, in

accelerating the transfer of missile/space technology?

The other area of information flow research which is suggested by the field work

for this project and by the questionnaire response concerns requirements information.

That is, what information on market requirements (actual or potential) is necessary for

commercial application of missile/space technology? How does this information differ

from requirements information used by those engaged in primary applications of missile/

space technology? What types of requirements information, through what channels, best

facilitate the application of missile/space technology in the development of commercial

products ?
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Chapter VIII

BEHIND THE TRANSFER OF MISSILE/SPACE TECHNOLOGY

The diffusion of technology is an extremely complex process as shown by the find-

ings of this study which deals only with a relatively small part of the total picture. To

step into this process and attempt to enhance diffusion of missile/space technology with

reasonable chances for success would appear to require some basic understanding of the

diffusion process itself. *

Little is known at present about the process of technological diffusion in industry.

Research in the field has been limited, although several studies and programs are cur-

rently underway. This study was intended to contribute something new by identifying

examples of technological transfer from missile/space programs to non-missile/space

applications, and by producing partial insights into the flow of information accompanying

such transfers.

While pursuing these objectives, a mass of related information was obtained which

appears quite pertinent to the diffusion of missile/space technology. The related informa-

tion consisted largely of comments made by representatives of the organizations contacted,

both in interviews and in correspondence. The comments dealt with opinions, ideas, and

experiences covering a wide range of subjects, such as government regulations, informa-

tion retrieval, organizational structure, and marketing.

When the field work was completed, a need became apparent for developing some

means to integrate and synthesize these varied comments for analysis purposes. There-

fore, a conceptual framework was devised which is termed the "applications process"

and which is discussed in Section A of this chapter. The comments then were grouped by

similar subject matter and analyzed in a preliminary manner in terms of the applications

process. The results of the analysis are presented in Section B of this chapter. The role

of incentives in the applications process is discussed in Section C, and finally, the overall

results of these analyses are related to the problems inherent in accelerating the com-

mercial application of missile/space technology.

It is emphasized that more research needs to be done on the concept proposed

here before its value as an analytical tool can be established. Additional research is

also required to determine the applicability of certain observations made in Section B

with the assistance of the applications process concept. While these observations may

be valid for the firms contacted, they may not constitute valid generalizations for groups

of firms or for all firms. In addition, it was not possible to thoroughly research the

broad range of subjects embraced by the comments. It is recognized that certain of the

comments made to us may be erroneous or biased; however, it may be valuable to know

that they are believed true in some quarters, because beliefs are vital components of

attitudes, and hence, actions. Within these limitations, the discussion proceeds.

Contrary to some opinions, this study has indicated that there has been and will con-

tinue to be an important transfer of technology from missile/space programs to com-

mercial applications, although quantitative measurement of the transfer does not appear

feasible. (See Chapters I and III.) Therefore, discussions of accelerating this process

are dealing with realistic possibilities and not imaginary ones.
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A. THE APPLICATIONS PROCESS

If a conceptual framework could be devised to synthesize the varied factors in-

fluencing the application of technology, it should have value to those in government

(Office of Technology Utilization, NASA, Office of Technical Services, Department of

Commerce, Division of Industrial Participation, AEC)who seek to accelerate the trans-

fer of technology from missile/space programs to the commercial sector of the economy.

It might also have value to individual firms.

The synthesis proposed here centers about the application of technology at the

level of the firm, and is called the "applications process." We shall first develop a

framework within which the process can be visualized as it pertains to the application of

any kind of technology by individual firms. We shall then assume the framework has

value as an analytical tool and proceed to use it to examine the commercial application

of mis sile/space technology.

To define the applications process, it may be helpful to look first at the diffusion

process of which it is a part. As noted in the previous chapter on"Information Flow,"Katz de-

scribed four components of innovation diffusion: l) the movement of a specific innovation,
I

Z)over time, 3) through identified channels of communication, 4) in a social structure.

Modifying this concept of diffusion to include technology (as opposed to a single innovation)

related to industrial and missile/space activities and its applications, a chart is presented

below illustrating the diffusion process with which we are concerned. Assuming the prior

generation of technological knowledge, the diffusion process simply stated is concerned
z

with the existence, communication, and application of this knowledge over time.

Referring to the diffusion process chart, two concepts are introduced regarding

the application of technology. One concerns the application of an individual innovation,

consisting of the five stages defined by Rogers: awareness, interest, evaluation, trial,

and adoption. 3 The other concept deals with the sum of all individual applications, at

whatever stages, taking place in any organization or organizations, private or public. At

one extreme, it can embrace only one firm or a division of a firm; at the other extreme,

it can embrace the entire economy, including both private and public sectors.

The applications process, as defined here, consists of the latter concept, but it

is restricted to the sum of all the individual technological applications taking place over

time at the level of the firm. It can be conceptualized as a continuing process operating

within the individual firm as well as within all or any group of firms. Being an integral

part of the diffusion process, the applications process must be concerned with the dif-

fusion process. However, we believe that it may be possible to describe the applications

process in sufficient isolation to permit it to be used as an analytical and managerial tool.

(At present, the diffusion process appears to be a cumbersome and difficult abstraction

to conceptualize and the individual application concept is too restricted for our purposes. )

The first major element in the applications process is a dependency on merging or

linking of technological information with market requirements information in order for

applications to occur. _-" It does not appear that detailed knowledge of technology and

_-" In the decision-making stages, market requirements information includes demands for

products to be sold by a firm as well as opportunities to apply technology internally to

improve production methods, materials, management control, etc. It also includes all

inputs required for new product decision-making in such areas as finance, plant and

equipment, personnel, market strategy, distribution, etc.
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markets need be possessed to spark the initial application idea; this can be supplied in

the follow-up feasibility analyses. Formal and informal efforts to enhance the merging

of market and technological information, of course, are quite common in industry.

A second major element consists of the factors influencing the frequency with

which mergers occur between technological and market information within firms. It also

considers the factors influencing the motivations of firms and individuals within the firms

to act upon the resulting opportunities to apply technology, i.e. , the disposition of the

ideas flowing from the mergers. The factors which influence the frequency of the mergers

and which influence their dispositions appear to overlap, and can be viewed as incentives

or stimuli to the applications process on the one hand and as obstacles or barriers on the

other hand. 4

For the purposes of this discussion, the applications process can be rounded out

by introducing a third major element which ties together the first two. The presence and

operation of certain stimuli and barriers can be influenced by actions of company manage-

ment and government. These actions, by definition then, can influence the degree to

which technology is applied at the level of the firm.

There are a number of corollary elements which can be added to the framework

based on our observations: It is possible to identify many of the stimuli and barriers

which are present or absent in an individual firm or acting upon it; certain of the stimuli

can also act as barriers, and vice versa; viewed relative to the general economic good,

not all stimuli are "good" and not all barriers are "bad"; the applicability and relative

importance of individual stimuli and barriers can vary considerably among different

firms; some stimuli and barriers operate on the individual person, others on the institu-

tional framework, and still others on both; and there are many unknowns surrounding the

resulting effects of management and government action, on not only the stimuli and

barriers (and hence on the application of technology), but also on the rest of the economy.

Furthermore, it appears that most of the elements of the applications process can

be formulated into a series of propositions serving as hypotheses about the process. Re-

search could then be designed to test the hypotheses. As will become evident later, the

research design should probably anticipate the ability to draw some generalizations for

all firms, and other and differing generalizations for different types of firms, e.g. , size,

industry, and degree of government orientation. The previously cited work of Edwin

Mansfield, in which he has identified some principal factors influencing rates of diffusion,

provides valuable background for a segment of the applications process and can be accom-

modated in the proposed analytical framework. 6

Further explanation of the stimuli and barriers may serve to illustrate the pro-

posed framework of the applications process. The following tentative, incomplete listing

of stimuli and barriers was compiled from information gathered during the study. No

relative importance is attached to the sequence. To simplify the presentation, recogni-

tion is not given to individual items which can operate both as a stimulus and a barrier.
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Individual

Salary

Invention awards

Recognition and status

Patents

Education

Dis semination media

Scope of job responsibilities

Incentives or Stimuli

Institutional

Profits

Diversification

Organizational structure

Patent s

Personnel transfers

C ompetition

Continuity of the firm

Market preemption

Management sophistication

Individual

"Not invented here" concept

Reluctance to change

Time consuming paper work

Narrowness of interest

Lack of knowledge

Isolation

Complexity and sheer mass of data

Limitations of the human mind

Barriers or Obstacles

Institutional

Uncertainty and risk

Reluctance to change

Lack of knowledge

Government regulations

Capital requirements

Proprietary data

Security regulations

Organizational rigiditie s

Inc ompatibilitie s between

government and commercial

R & D and production

The operation of many of these stimuli and barriers is examined in the next sec-

tion as they apply to the commercial application of missile/space technology. The appli-

cations process, however, appears applicable to all industrial firms, as do many of the

individual stimuli and barriers listed. Several of the institutional barriers, it should be

noted, deal specifically with government contracting firms and would not apply to firms

selling wholly to commercial markets, unless they explain in part why such firms have

no government contracts.

B. STIMULI AND BARRIERS TO THE COMMERCIAL APPLICATION OF MISSILE/

SPACE TECHNOLOGY

The discussion thus far of the applications process has been somewhat abstract.

Moving to a more practical level and using the proposed framework as a guide, we shall

briefly review the miscellaneous information gathered during the study and determine

how it is related to the commercial application of missile/space technology.

Brief summaries of comments made on 16 broad subject areas are presented.

Each is accompanied by observations and speculations about how the application of

missile/space technology is affected by the factors covered in the comments. It is em-

phasized again that these observations are preliminary in nature, and that further re-

search is needed to determine their general applicability. Occasional suggestions are

made for further research and for possible public and private action.
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1. Government Patent Policy

No other area was the subject of as much comment and interest on the part of the

industry people interviewed as that of patents. Major interest was focused on govern-

ment patent policy, with NASA's policies at the center.

Since the subject of government patent policy is too technical and complex to be

adequately dealt with here, reference is suggested to recent publications which deal

specifically with the controversy. _ In a nutshell, the question is whether ownership of

(title to) patents arising from government financed work, especially research and develop-

ment work, should reside with the contractor subject to a royalty-free, nonexclusive,

irrevocable license to the government, or should be acquired by the government. The

question continues, if title is acquired by the government, what should be the government

licensing policy and who should police it ?

At present, there is no uniform government patent policy; the desirability of a

uniform policy is itself part of the dispute. $ The Department of Defense (DOD) permits

title to reside with the contractor with certain exceptions. NASA, on the other hand,

automatically acquires title but may, under certain circumstances, waive rights to the

contractor. DOD and NASA policies generally represent the opposing points of view in

the controversy. Other federal agencies have their own patent policies, such as the

Atomic Energy Commission, the National Science Foundation, and the Federal Aviation

Agency, each containing its own variations.

For the most part, we encountered industry views quite similar to those expressed

by industry representatives in the hearings before the House Subcommittee on Patents and

Scientific Inventions. 8 The reasoning most frequently given for opposition to the govern-

ment's taking title (commonly called "government title policy") follows.

Comment Summary: Government-owned patents are less likely to be

worked than if title resides with the contractor. 9 Government title

policy can jeopardize title to company funded inventions. Eventually,

the government title policy, if uniformly applied to all government

financed research, would result in government ownership of a tremen-

dous number of patents. This ownership would be accompanied by the

necessity to determine who would be permitted to use these patents and

under what conditions. Since more than half of all R & D in the U. S. is

sponsored by the government, which in itself constitutes unprecedented

control over technological advances, a government title policy would fur-

ther strengthen the hand of government by giving it control over the use

made of a significant proportion of technology. This contradicts the

generally accepted role of the free market (modified by the traditional

patent system) as the most effective economic decision-maker. It would

subject a large proportion of U. S. technology to the limitations inherent

in any complex activity controlled by central planning.

Reviewing these and other opinions and experiences cited by persons contacted

during the study, we can make several tentative observations regarding the way in which

government patent policy can affect the transfer of missile/space technology:

The term "government patent policy" as used in this report is restricted to the owner-

ship controversy and does not embrace policies in such areas as anti-trust matters.
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a. An individual firm normally has more incentive to exploit missile/space tech-

nology on a commercial basis if it has patent protection on part or all of the

technology, device, process, etc.

b. If NASA were to adopt a patent policy similar to that of the Department of De-

fense (commonly called "government license policy"), it should serve to

stimulate firms to seek commercial applications for missile/space technology

developed within the firms with NASA funding.

c. On the other hand, patent protection can serve as a barrier to the commercial

application of missile/space technology on the part of other firms denied use

of patented inventions.

d. The value of patents to individual firms varies considerably, depending partly

on the government-private sales mix of a firm and on the characteristics of a

firm's products. Consequently, the impact of government patent policy is not

uniform on all firms.

On the basis of our study, we are not able to support factually a conclusion as to

whether the government's taking title to inventions has a net positive or negative effect

on mis sile/space technological transfer.

2. Other Aspects of Patents

A number of other comments were made regarding patents which appear to have

a bearing on the commercial application of missile/space technology.

Comment Summary: The process of writing up a patent application fre-

quently advances the chances of an invention's being worked since the in-

ventor and patent attorney together think through the invention, its signif-

icance, its applications, other ways of doing it, etc. The resulting docu-

ment contains a great deal more information than the normal invention

disclosure.

Thereforej the mere process of applying for a patent should act as a stimulus to

the commercial application of missile/space technology. Invention disclosure forms, on

the other hand, can act as a barrier, as indicated by another type of comment:

Comment Summary: In a government contracting organization, one of the

least important papers to fill out, from the standpoint of line personnel,

is an invention disclosure form. Line personnel tend to resent the "intru-

sion" of company patent personnel who take up their valuable time filling

out "red tape" forms. The frequent company disclosure award of $50 to

$100 is not considered sufficient by some individual R h D personnel to be

worth the trouble of filling out disclosure forms.

However, management techniques have been applied to stimulate both the genera-

tion and reporting of inventions:

Comment Summary: A number of industry representatives reported that

patent awards and invention disclosure quotas, when properly administered

by management, help to overcome the inertia described in the previous

comment. Several industry representatives also suggested that government

awards to contractors or individual inventors would provide more incentive

to report inventions--and to make inventions.
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Many firms, of course, have invention disclosure award systems. These vary

widely in detail of operation and in the firms' motivations for having established such

systems. I0 But many firms knew little about the effectiveness of invention disclosure

award systems, or about the relative merits of different company situations. This would

appear to be a fruitful area for investigation. 11 This whole field, of course, is part of
12

the broader subject of how to produce a creative environment.

Regarding government awards for inventions, the National Aeronautics and Space

Act of 1958 as amended authorizes the Administrator of NASA to make monetary awards

to individuals or organizations for technical contributions having significant value to the

conduct of aeronautical and space activities. Awards totaling $I0,800 were recently

made to a seven-man team at NASA's Manned Spacecraft Center for five inventions made
13

in connection with the Project Mercury system.

Information gained about the patent process during the study raises several ques-

tions which may affect the transfer of missile/space technology and it is suggested that

they may be worth research:

a. How important are patents to the individual inventor ? (e. g. , how much pres-

tige does he attach to patents in his name versus publications, apart from

possible monetary considerations ?)

b. How interested is he in filing company invention disclosures? What part do

disclosure awards play in his feelings and how much does the size of the award

influence his actions? How does he feel about failure on the part of his em-

ployer to file patent applications for his disclosures ?

c. How significant a diffusion mechanism is the patent application for the firm

preparing it? The patent itself, outside the firm?

d. Can NASA profitably make wider use of its technical contribution award powers ?

In summary, there appear to be several opportunities in the general field of pat-

ents to increase both individual and firm motivation to find commercial applications of

mis sile/space technology.

3. Proprietary Data

As with government patent policy, the subject of proprietary data is too complex

to discuss in detail in this report, but it is mentioned briefly because it concerns the

transfer of technology from missile/space programs to the commercial sector.

A number of complaints were voiced by industry representatives during the study

about government regulations and government actions concerning proprietary data. Most

of the complaints boiled down to this:

Comment Summary: The federal government goes too far in what it requires

contractors and, in turn, subcontractors to report as the result of work per-

formed under federal contracts. Information required is often regarded as

proprietary by the firm for a variety of reasons, e.g. , a) it was developed

with company funds, or b) it capitalized on years of pre-government con-

tract company experience. In reporting such proprietary information, the

contractor runs the risk of hurting its competitive position. The necessity

of some requirement to reveal pertinent data upon completion of a govern-

ment funded study was generally recognized by the individuals who voiced
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complaints. However, they believed that more consideration should be

given the company which performed the original development work, especially

in cases where the firm had contributed its own funds to the effort. They

also believed the government should be more discreet in revealing a firm's

data to competitors.

In terms of the applications process framework, two major observations emerged

from an analysis of the experiences and opinions reported to us regarding proprietary

data:

a. To some extent government procurement regulations prevent exclusive posses-

sion by individual firms of missile/space technology and of related technology

required by missile/space programs. This operates as a barrier in certain

situations to the commercial application of such technologies on the parts of

the originating firms. The added motivation for management action created by

possession of trade secrets which could produce competitive advantages is

mis sing.

b. Conversely, however, an inducement to reveal missile/space technology which

the originating firm would like to keep proprietary can also act as a stimulus

to commercial application in other situations by making the technology more

acce s sible.

Many difficulties would occur in an attempt to estimate the net effect of the pro-

prietary data problem on the transfer of missile/space technology to commercial use. In

addition, the more pressing needs of the government to obtain missile/space technology

for primary missile/space purposes would have to be considered in evaluating the sec-

ondary transfer objective, as well as the information requirements associated with calls

for competitive bids by the government.

In spite of these difficulties, the proprietary data problem appears to be worth

further attention in the context of technological transfer.

4. Security Regulations

One of the more obvious barriers to the commercial application of certain missile/

space technology is caused by security regulations. Since this study did not include ex-

amination of classified information, no estimate can be made regarding the magnitude of

this barrier.

While recognizing the necessity for security regulations, several viewpoints were

expressed by a number of industry representatives which may indicate possible areas for

change in the interest of better scientific communication. Generally these viewpoints fell

into the following patterns:

Comment Summar ie s :

More effort should be made to declassify technology at the earliest possible

date, consistent with national security requirements, especially in the basic

research field.

The process through which a need to know is established should be less

restrictive and less time consuming.



208

Companies not engaged in government work felt they were left out of

potentially valuable sources of technological information since they are

denied access to many government research reports. 14

It may be worthwhile to determine how much of a barrier security regulations are

to the commercial application of missile/space technology. If this barrier is found to be

significant, then the above viewpoints should be examined to determine whether it is

feasible to modify the regulations to reduce the barrier.

5. Influence of Market Mix Served by Individual Firms on Technological Transfer

Whether a government contractor also serves non-government markets has a

significant effect on the contractor's ability to apply missile/space technology to commer-

cial applications, according to a number of industry representatives contacted. (The

previous section on "Government Patent Policy" pointed out that the market mix served

by individual firms also seemed to have bearing on the importance of patents to certain

individual firms. )

For the purpose of the discussion which follows, most manufacturing firms can

be divided into one of three categories:

-- All sales to commercial customers.

-- All sales to government customers, including government contractors.

-- Sales divided between commercial and government customers.

A further division can be made between the companies serving both markets:

those which have established special divisions to handle government business (more prev-

alent among larger firms) and those which have not {more common among smaller firms).

Comment Summary: Individuals in firms serving both markets were

e specially vocal about the need for management to be commercially

oriented in order to market successfully to industrial and consumer

markets, commenting that a military oriented sales department would

have great difficulty marketing commercial products. Some added that

the know-how gap between marketing government and industrial products

was large, but the gap between government and consumer products was

considerably larger.

Several marketing people commented further :

Comment Summaries :

Smaller firms with both commercial and government identities would prob-

ably experience relatively more civilian applications of missile/space tech-

nology than large firms because the former could more easily effect a

marriage of commercial applications with government related technology.

Bigness was believed to be a barrier to the linkage of market and tech-

nological knowledge.

A large number of potential commercial applications are probably lying

dormant in firms having little or no commercial identity because they

do not have the organization, know-how, or motivation to exploit them

and because they may not have the knowledge necessary to recognize and

evaluate potential commercial applications.
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A similar situation probably exists in those large firms with commercial

and government identities but which tend to isolate government work in

separate divisions (which also may be separated geographically from com-

mercial divisions ).

The greater the number of commercial product lines manufactured by a

government contractor, the greater tends to be the commercial applica-

tion of space technology. The basis for this reasoning was that the oppor-

tunities for commercial applications seem to rise somewhat proportion-

ately with the variety of commercial products being produced, i.e. ,

broader market coverage. (If true, this viewpoint tends to counteract

the first one above. )

The many comments made along these lines by individuals in a wide variety of

firms were examined in relation to the actual transfers of missile/space technology

identified during the study and reported in Chapter VI. This examination tended to confirm

the validity of all but the last of the above statements. Therefore, we can make several

preliminary observations about how the market mix of individual firms affects the com-

mercial application of missile/space technology:

a. Selling to both the missile/space and commercial markets on the part of an

individual firm tends to act as a stimulus to the transfer of missile/space tech-

nology into commercial applications.

b. Selling to the missile/space market alone acts as a barrier to such transfers.

c. Selling to the commercial market alone acts as a barrier to such transfers.

d. Geographical and organizational isolation of missile/space contracting activi-

ties by large firms with commercial identities tends to make the transfer

process more difficult, and hence acts as a barrier.

These observations suggest what appears to be a rather obvious solution to accel-

erating the transfer of missile/space technology: get more firms to operate in both mar-

kets on an integrated basis. This is no panacea, however, as will be seen in the next

section which discusses some of the problems which have arisen when commercial work

is mixed with government work.

6. Incompatibility of Government Contracting with Commercial Operations

Many and varied management problems were reported by widely differing firms

which were serving both the missile/space and commercial markets or which had tried

to serve both markets in the past. These problems were generally attributed to differ-

ences in the nature of and in the conditions surrounding the two types of work.

Areas of difference most frequently cited included: marketing and patents (de-

scribed in preceding sections), production and quality control, price, accounting,

finance, research and engineering, security, ownership of plant and equipment, and

bidding requirements.

Brief descriptions of a few types of problems reported may provide some insight

into the incompatibilities of mixing government and commercial business.
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Comment Summaries :

Missile/space products can be characterized by "reliability at any price,"

as opposed to "adequate reliability at a competitive price" for commercial

products. This fundamental difference makes it difficult for many techni-

cal people with government contracting backgrounds to transfer to a com-

mercial environment and operate effectively because they tend to over-

design commercial products, thus pricing the products out of competition.

For example, one firm reported it had to replace its space experienced

engineers with commercially experienced engineers when it attempted to

redesign a space instrument for the commercial market at a competitive

price.

The added operating costs required to meet government specifications

regarding inspection, audits, reports, etc. frequently make it infeasible

to produce both government and commercial products (even though quite

similar) in the same facility. This has caused some companies to physi-

cally separate government and commercial manufacturing facilities.

Representatives of a number of firms, large and small, which were wholly

or primarily oriented to the commercial market reported unsatisfactory

profit experiences on government contracts. Blame was placed on failure

of the government to allow what the firms believed to be legitimate business

costs. As a result, most of these firms were unenthusiastic about securing

future government contracts. On the other hand, a few different firms re-

ported that through specialized departmental structure and separate book-

keeping procedures they had been able to operate successfully with govern-

ment contracts.

One firm, largely a government contractor but having some commercial

lines, reported that it had to resort to acquisition of established commer-

cial firms to meet its commercial expansion goals. Failure to develop

new commercial products internally was attributed to the incompatibilities

of government and commercial work. Related experiences were reported

by other firms which had sought to diversify into commercial markets.

Within the framework of the applications process, these incompatibilities present

a dilemma to those who seek to accelerate the transfer of missile/space technology to

commercial use. It was observed previously that transfer occurs most readily on an

intra-firm basis. It logically follows then that transfer opportunities would tend to in-

crease proportionately with the number of firms engaged both in missile/space and com-

mercial work. Here the opportunities exist to link missile----/-_pace technology directly

with commercial market requirements and capabilities within a single firm. On the other

hand, here also is where severe management problems arise, caused by the very mixing

of work that tends to create transfer opportunities. In an effort to overcome these

management problems, there appears to have been a tendency in some firms to isolate

government work from commercial work, thus apparently reducing the firm's ability to

capitalize on transfer opportunities.

It is obvious, therefore, that the incompatibilities between government and com-

mercial work act as a barrier to the commercial use of missile/space technology.
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Thereis still anotherpertinentaspectto thisdiscussionwhichpresentsanother
dilemmato thetransfer accelerator. Theprimary purposesof missile/spaceprograms,
of course,are military andspace.

Comment Summary: Concern was voiced by one industry _epresentative

that the pursuit of by-products by government contractors was becoming

a fad. In his opinion, there was a danger that contractors could become

preoccupied with exploiting relatively unimportant by-product ideas, re-

sulting in a dilution of their primary missile/space work.

There appear to be at least two suggested ways in which the government can help

to partially solve these dilemmas, and the suggestions might be worth further considera-

tion. One suggestion would be to sponsor management seminars designed to assist firms

in solving the management problems created by mixing government and commercial work.

Some firms seem to have handled these problems better than others, and the latter should

be able to benefit by the experiences of the former. The second suggestion is discussed

in the next section.

7. Company Organization and By-Product Exploitation

The transfer of missile/space technology to commercial use is hampered by a

number of "gaps." Several of these are apparent from the industry experiences discussed

in the preceding two sections: a) a gap between missile/space technological knowledge and

commercial market knowledge, especially severe with firms which serve only the govern-

ment or only the commercial market; b) a human adaptability gap experienced by many

technical people when transferred from government work to commercial work (and per-

haps vice versa); c) a management compatibility gap caused by differing requirements and

operating methods as between government and commercial work; and d) an organizational

gap in those firms which have found it desirable to isolate government work from com-

mercial work, necessitated partially by gaps b) and c).

An attempt has been made by several aerospace firms contacted in the study to

bridge these gaps by developing organizational mechanisms to handle commercial exploi-

tation of missile/space technology. A number of factors appeared to have influenced the

type of organizational structure selected for this purpose, such as company size, nature

of company products, type and number of customers, and desires and interests of manage-

ment. There are several ways in which missile/space technology can be exploited: li-

censing, franchising, outright sales of inventions, manufacturing and marketing directly

by originating company, or combinations of these.

Two types of formal organizational structures to exploit by-products were en-

countered among these aerospace firms:

a° Separate division or subsidiary. Two aerospace companies have formed

separate organizational units for the express purpose of by-product exploita-

tion. Navan Products, Inc. , a subsidiary of North American Aviation, was

forrned in 1957 to market by-produc'ts from the parent company and inventions

from other companies. The Boeing Company established an Associated Prod-

ucts Division (BAP--Boeing Associated Products) in 1960 to market by-products

originating in Boeing's other divisions. Both of these organizations screen by-

products from the other divisions of the company and carefully select those

which have the best possibility for industrial or commercial application. Ex-

ploitation can take various forms, including outright sale of inventions,
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b.

licensing, franchising, and joint ventures. These organizations, however, do

not take by-products from an operating division if the operating division desires

to make the by-product a part of its product line.

Integrated organizational unit. Several other companies in the aerospace in-

dustry have established separate organizational units on a lower level to handle

by-products. These units tend to be more integrated into the company's main

stream of business and have less autonomy than those mentioned above. Some

of these groups have been formed within the past year and it is not yet clear

what direction they will take or what the scope of their activities will be. In at

least one case, it appears that a group was formed to market a specific product,

developed for missile/space needs, which promises to have good industrialpo-

tential. Organizations in this category include: the Diversified Products De-

partment, Douglas Aircraft Company; Industrial Products Subdivision, Research

and Advanced Development Division, Avco Corporation; Industrial Products

Section, Lockheed Electronics Company; Industrial Products Group, Autonetics

Division, North American Aviation; Product Exploitation Section, Hughes Air-

craft; Product Planning Section, Marquardt Corporation.

In general, most of the other large and medium sized firms contacted which served

both government and commercial markets followed the pattern of exploiting by-products

within the originating division or within another division handling similar products. In

some cases, by-products are licensed to another company if they do not fit the company's

product lines or for other reasons. The lack of apparent formal mechanisms to process

by-product ideas, however, caused us to wonder how many profitable transfer opportuni-

ties were missed in some of these firms in spite of the normal operation of internal in-
15

vention disclosure and suggestion systems.

No special organizational mechanisms were noted in small firms contacted, and

perhaps none is needed or would prove feasible.

On the surface, at least, the gap-bridging mechanisms described briefly above

have appeal. Since the coming of the Industrial Revolution, there undoubtedly has always

been a gap between the firm having potential by-product ideas and the firm or entrepre-

neur seeking new products. For the reasons discussed, this gap has expanded into several

types of gaps with the appearance of the missile/space program, and the resulting combi-

nation of gaps appears to be a formidable deterrence to commercial applications of

missile/space technology. If gap-bridging organizational mechanisms are effective {and

it seems reasonable to assume they are or could be made effective, especially in medium

to large firms), then they act as stimuli to such commercial applications. Conversely,

the absence of such organizational mechanisms coupled with the nature of certain forms of

company organization can act as barriers to these transfers.

There are other mechanisms which appear to act as gap-bridges. For example,

some universities, such as the California Institute of Technology, have active research

foundations which license new developments to industry for application. The Patent De-

velopment Division of the Research Corporation may also serve as a gap-bridget in its

capacity as patent evaluator and processor and licensing agent for 130 academic, scien-

tific and other non-profit organizations. 16

It may be too soon to evaluate fully the effectiveness of certain of these gap-

bridging mechanisms, but a preliminary evaluation would seem to be worthwhile. There-

fore, referring to the end of the preceding section, our second suggestion regarding how
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thegovernmentmighthelpto partially solvethedilemmaoutlinedwouldbeto sponsoror
to encourageresearchto determinetheeffectof organizationalstructureonthecommer-
cial applicationof missile/spacetechnology. If theresearchresults indicatedthat organi-
zationalgap-bridgingmechanismsandothertechniquesare effectiveandworkable,then
thegovernmentcouldgivepublicity to thesefindingsandencouragetheadoptionof such
mechanismsandtechniquesontheparts of individualfirms.

This appears to be an especially fruitful area in which specific attempts to optimize

the exploitation of transfer opportunities may pay off.

8. Dual Risk Taking in Financing New R & D Areas

One interesting idea was expressed by an industry source as to the greatest com-

mercial contribution of missile/space programs.

Comment Summary: When certain ideas are in their infancy, such as

microsystems electronics was a few years ago, industrial firms willnot

risk large R & D expenditures when no reasonable pay-outs are foresee-

able--unless there is risk sharing on the part of government sponsored

R & D. Many of the recent state-of-the-art advances in electronics fall

into this category, although tracing this kind of transfer is extremely

difficult because hindsight cannot reconstruct accurately the degree of

motivation provided at the time of government cost sharing.

To the extent this comment is correct, then such dual risk taking on the part of

the government and industry has acted as a stimulus to both the commercial development

and application of technology shared with missiIe/space programs.

9. Motivations to Perform Government Work

The factors which motivate firms to undertake government work are related in-

directly to the transfer process. We have observed that the transfer opportunities of

missile/space technology tend to increase with the number of firms engaged in both govern-

ment and commerciai work. Theoretically, therefore, the transfer process could be en-

hanced by increasing the number of commercial firms doing government work. There are

more significant criteria, however, that should govern the entry of firms into missile/

space markets, as indicated in the recently published book, The Weapons Acquisition

Process; for example, too many competitors tends to degrade rather than to improve the

performance of the industry. 17 Many of the findings and conclusions reported in this

book regarding motivations to perform government contract work, and the accompanying

risks and benefits, were substantiated by industry comments made during the performance

of our study. 18 Certain of the reported motivations for seeking government work, how-

ever, are worth reporting here to aid in understanding the transfer process. Generally,

they fell into the following categories:

Comment Summarie s:

Representatives of a number of large commercially oriented firms stated

they could not afford to be outside the missile/space program effort in order

to protect their companies' future competitive positions in both government

and commercial fields.
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Severalestablishedcommercialfirms indicatedgovernmentworkprovided
a mediumthroughwhichto enter intonewfields onthegroundfloor.

Onelarge firm recentlymadethedecisionto undertakeits first govern-
mentR & D contractbecauseof anticipatedspill-over benefitsto its com-
mercial endeavors.

A numberof smaller firms reportedgovernmentworkenabledthemto
geta start, from whichtheylater branchedout into commercialmarkets.

A fewcommercially orientedfirms reportedundertakingmissile/space
work to fulfill their obligationto contributeto thenation's security.

Whilenot specificallymentioned,shortterm profit motives, aswell as
longerterm profit motivesimpliedin thefirst three categoriesabove,
werepresentin manydecisionsto performgovernmentwork.

Thesemotivations,of course,act indirectly asa stimulus to the transfer of

missile/space technology as noted at the beginning of this section. However, to the ex-

tent the expectations embodied in these motivations are not realized, they tend to reduce

the number of firms engaged in both government and commercial work, thus acting as a

barrier to transfer.

i0. Special Problems of Small Business

The role of small business in performing government contract work has received

considerable attention in recent years, both in the executive and legislative branches of

the federal government. Many of the comments made by small businesses during this

study reflect what has already been brought out, but some are presented here since they

appear to have a bearing on the transfer process.

In general the comments fell into two types: those reflecting the disadvantages of

being small; and those reflecting a feeling of mistreatment at the hands of government or

larger firms. They are not segregated by type in this discussion because elements of

both are contained in some of the comments. Since some were quite emotional, it is em-

phasized that they represent individual opinions which may or may not be factual or rep-

resentative. For the most part, the comments originated with those small firms which

reported no instances of transfer from the missile/space program.

The following categories generally cover the problems expressed:

Comment Summaries :

A number of firms felt they had capabilities which were being denied to

the missile/space effort because of the difficulties experienced by small

businesses in gaining a foot-hold in this market.

Visits to government agencies by company sales personnel are excellent

sources of market information, but geographic distances make it too

costly for a small manufacturer to cover comprehensively the various

agencies which should be visited.
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Certainsmallfirms supplyingmaterialsandspecializedinstrumentson
a subcontractbasisvoicedconcernovertheir inability to evaluatetheir
total potentialmarketsamongthelarger primeandsubcontractors.In
addition, their remotenessfrom eventualapplicationof their products,
sometimesfurther complicatedby securityrestrictions, preventedtheir
acquisitionof knowledgewhichtheyfelt wouldbehelpfulto better perform-
ance.

A fewsaidbetteraccesswasneededto testingequipmentwhichwastoo
expensiveto purchasebutwhichwasrequiredin order to maintainquality
demandedby prime contractors.

Thesmall manufacturer,in general,is facedwith radically newprob-
lems in attemptingto servethemissile/spaceindustry. Theseproblems
makeentry into the industrya costlyprocesswhichrequiresemploying
specialists.

Thehighcost of solicitingspacebusiness,the longtime lag betweende-
velopmentandproduction,andthefrequentfailure to obtaincontracts
after heavyinvestmentin proposalscombinedto causeseveralfirms to
lose interest in pursuingspacecontracts.

Large firms getmost of theR & D contracts,severalsmall firms re-
ported, leavingthe smaller firms dependentontheir ownR & Dfundsto
designproductsfor missile/spacemarkets. Somehavefoundthis ex-
tremely difficult, sincetheydonotpossesstheequipmentor know-how
neededto redesigntheir commercialproductsto meettheexotic space
programrequirements.

NASAandDODshouldcontractdirectly withsmaller firms andnot
channelprocurementthroughprime andlargesubcontractors,according
to severalcomments.

Onesmall manufacturerstatedthatthe larger contractorscall onsmall
firms for specializedassistancebut, oncegiven,there is a subsequent
tendencyfor the largefirms to performtheoperationthemselves.

Onejob shopfirm wasvery critical of whatit believedto bepicayune
andunrealistic requirementsonthepart ofaerospacefirms, causing
expendituresof muchunnecessarytime, to thepointthat the job shop
firm tries to avoidaerospacebusiness.

Someof theseopinionsandreportedexperiencesserveto emphasizetheincom-
patibilities betweengovernmentandcommercialwork, discussedpreviously. Others,
however,are importantto thecontextof this report in anotherwaywhenviewedfrom
theframeworkof theapplicationsprocess. Theseare theoneswhichindicatethehandi-
capsfacedby a firm whenenteringthemissile/spacemarketjust becauseit is a small
firm. For example,thecostsof visiting widelyseparatedgovernmentfacilities, of
hiring specializedpersonnel,andof purchasingspecializedequipmentserveas barriers

to entry, and hence to transfer.
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If successful,effortsonthepart of thegovernmentto alleviate someof these
disadvantagesof beingsmallmight serveasa stimulus to the transfer of missile/space

technology. Not only would successful efforts along these lines tend to increase the num-

ber of firms serving both government and commercial markets (which, as previously

observed, tends to increase transfer) _:_but such efforts would increase intra-firm trans-

fers of missile/space technology among smaller firms--in which transfers may tend to

occur more readily than in large firms. The latter point, however, requires further re-

search before the effect of company size on transfer can be stated with certainty.

In summary, there appear to be areas in the small business picture worthy of

further consideration as to how the transfer process can be accelerated.

II. Increasing Volume, Complexity, and Degree of Specialization of Technology

The rapid advances being made in science and technology--while presenting many

opportunities--are causing serious problems. One is how to keep up with the sheer mass

of information available. Charles P. Bourne of Stanford Research Institute summed up

the situation quite succinctly:

The world's scientific community is presently generating

a flood of technical literature, and much of it is not getting into

hands of people who could use it. It is probably missing these

people for two main reasons: only a fraction of the literature

is covered by abstracting, indexing, or citation publications; and

only a fraction of those people who could use the information are

familiar with the literature or aware of the tools and facilities

for locating the information . . . 19

• . . realistic estimates seem to point to a world-wide publica-

tion of about 15,000 significant journals, and one million signlfi-
z0

cant papers per year.

The literature problem multiplies because literature is being generated in ever

increasing quantities. While numerous organizations and individuals are working to find

solutions, a panacea is not in sight. _

Many comments were made during this study reflecting the ramifications of the

literature problem in industry. Generally, they fell into four categories.

Comment Summaries :

The small organization does not have the manpower required to derive full

value from the information now available from NASA and other sources.

Better classification of existing information and less duplication in dis-

semination would be helpful.

_=As noted in the preceding section, this may not be a desirable goal if the entry of more

firms into the missile/space industry would have harmful consequences to the perform-

ance of the industry. This is a difficult and complex question, embracing also the sub-

ject of economic concentration.

s.=_A listing and brief descriptions of this research are published semi-annually by the

National Science Foundation in a series entitled, Current Research and Development

in Scientific Documentation, available from the Government Printing Office.
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Theneedis not for anincreasedflowof informationbut for an improve-
ment in quality of thepresentflow.

To copewith thefloodof newtechnicalknowledge,managementshould
hire themostcompetentprofessionaltalentavailableto identify andmoni-
tor the sourcesof newknowledge.

Of interest alongtheselines is a statementbyWilliam T. Knox,madein his 1959
testimonyto theHouseCommitteeonScienceandAstronautics:

• . . Our experienceat EssoResearch& Engineeringwith
informationresearchwork leadsustobelievethere is a wealth
of newideasandnewapplicationsofexistingideaswhichcanbe
madeavailableto thosewhowill takethetime to studythelitera-
ture. Themainproblemis puttinghighquality scientistsand
engineersto work in this field. Wefeelit is very importantto
realize thattheUnitedStateshasno shortage of information, but

a real shortage of people who are talented and trained and moti-

vated to make use of this information. (Emphasis added• ) 21

Other comments ranged outside the literature problem into the implications of the

increasing volume and degree of specialization of technology.

Comment Summarie s :

More effort should be expended to identify possible commercial applications

of missile/space technology. (No suggestions were offered regarding who

should make this effort. )

There are so many poor application ideas proposed for every good idea

that the good ones often get buried and are lost with the bad.

Salesmen, long a source of new application ideas, are experiencing difficulty

in keeping up with new technological developments within their firms and

hence are not as productive as formerly in generating new uses for newer

products. Two solutions suggested: more highly trained salesmen, and

periodic visits to customers by R & D personnel. 22

The problem of rediscovering that which is already known has become
23

more acute.

It is obvious that the sheer mass and relative inaccessibility of published technical

literature in the missile/space field act as barriers to commercial applications of missile/

space technology.

Recognizing these factors, NASA has recently contracted with several research

institutes and a university to identify specific commercial applications of space technology

and to disseminate their findings to commercial industry. This is an interesting program

to watch because, if successful, it could be a st.rong stimulus to the transfer process•

The specialized technical information dissemination services of the various federal

agencies (some of which are mentioned in Chapter VII) also act as stimuli to transfer, as
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doprivatetechnical,professional,andtradepublications,books,professionalandtrade
meetings. Thereis considerableroomfor improvementin thesedisseminationmedia,
however,judgingbythe commentsmadeduringthis study.

Apart from theseconsiderations,there is anotherareawhichappearsworthyof
thoughtandpossibleactionbythegovernment.Our experiencesin this andother studies
leadusto agreewith Bournethat relatively fewpeoplewhocouldmakeuseof thetechnical
literature (especiallyin commercialindustry)are familiar with it or knowhowto get
accessto it. z4 It is suggested, therefore, that the government consider the feasibility

of sponsoring seminars designed to increase the literature awareness and the retrieval

skills of appropriate individuals in commercial industry. Since motivation to learn about

the technical literature appears to be lowest among those who might most profit by this

knowledge, it may be advisable also to consider ways to increase the motivation of this

group.

It has been possible here to treat only very briefly the subject of technical infor-

mation. If considered in some depth within the framework of the applications process,

there undoubtedly would be many other possibilities worth exploring to accelerate the

transfer of missile/space technology.

13. Pressures of Time Schedules

Closely tied to the comments reported in the previous section on the increasing

volume of scientific and technological knowledge were several observations concerning

problems imposed on individuals by limitations of time. These were raised in several

different contexts.

Comment Summary: On the philosophical side, the dean of a business

school pointed out that a major problem was developing regarding how a

manager should divide his time between acquisitions of knowledge and the

application of knowledge to decision making, zs

It appears that the same question could be raised for the working scientist and

engineer, the science and engineering student, and for a variety of other professions. Z6

Comment Summary: A different aspect, touched on previously in another

context, was raised by several industry representatives to the effect that

R & D people engaged on government contract work were too pressed by

time schedules to give much, if any, thought to possible commercial appli-

cations of their work. In addition, some observations went further to in-

dicate that there was usually little incentive or motivation present to en-

courage such thinking, particularly in the firm or corporate division de-

voted exclusively to government work.

While some individuals undoubtedly are stimulated by time pressures to increase

their outputs, limitations of time will always pose barriers to the transfer process.

Recognition that these barriers exist should assist in designing transfer acceleration

efforts which can operate feasibly within the time availability of individuals affected. For

example, better teaching methods, more refresher courses, better dissemination methods,

and techniques for more efficient utilization of time on an individual basis are receiving

attention and should help to alleviate the problem.
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13. Scope of Individual Interests and Knowledge

Comment Summary: The average scientific researcher, according to a

number of people contacted in industry, tends to concentrate his interests

on his scientific objective. He tends to be relatively uninterested in the

eventual commercial applications of his discoveries or of those made

around him. There are notable exceptions to this generalization, of

course. )

We sensed this ourselves in interviews with research oriented scientists and

engineers in both industry and government, as well as within university research groups.

Comment Summary: In fact, a number of R & D space scientists told us

they never gave commercial applications a second thought, since their

primary objective was to produce space accomplishments as rapidly as

possible.

This can be considered co____mendab!e or not, depending on the vlewpn_nt=

Comment Summary: A few individuals contacted, on the other hand,

believed that the innovator himself should be the best source of informa-

tion concerning commercial applications of his work. This was contra-

dicted by the observations already reported that application ideas come

about only when a marriage is effected between technical knowledge and

market knowledge, and the innovator frequently does not possess the latter.

Disagreement may have been due to different frames of reference on the parts of

the individuals who made the comments. For example, the basic researcher, by nature

of his work, is usually thought to be less concerned with practical applications than the

applied researcher. Referring to basic research contributions at the Bell Labs, Addison

White wrote:

• . . It is then often up to the research 'managers' to see

the connection between a scientific discovery and the technology,

and to alert the appropriate applied research or development

group to the possibilities, z_

Some industry representatives interviewed may have had the basic researcher in mind,

but it was clear that others were also referring to the applied researcher in commenting

about the low degree of interest in commercial applications.

In any event, most of the opinions and experiences reported by industry repre-

sentatives indicated that narrowness of interests among many scientists and engineers

acted as a barrier to the transfer of missile/space technology.

From the standpoint of the applications process, we offer two suggestions which

may aid in reducing this barrier:

a. In every firm there are certain individuals who can link technological knowledge

to commercial application needs and opportunities more easily than others. If

President Kennedy's proposals are adopted ". . . to make the by-products of

military and space research easily accessible to civilian industry" z8 such indi-

viduals become crucial to the success of the President's proposals. Therefore,

it appears that efforts should be made to identify and to know more about the

industry people who can perform the linkage function.
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b. Management literature in recent years has devoted considerable attention to

the need for bringing together technological and market knowledge in the con-

text of new product planning. The American Management Association and the

Small Business Administration have been especially interested in new product

planning. It seems that application of management knowledge developed in this

field to the problem of missile/space technological transfer would be quite pro-

ductive, a9

14. The "Not Invented Here" Concept

A commonly used term in industry, "not invented here," refers to a tendency on

the part of the individual scientist, or working group of scientists, to be unwilling to

accept freely information not developed by himself or the immediate group concerned.

Comment Summaries :

This tendency was regarded by a number of industry representatives as a

very real barrier to diffusion of technological information, not only between

different organizations but also between different divisions within a given

firm.

One explanation attributed this behavior to a form of pride of authorship--

the wish fathering the belief that one's ideas are superior to others'.

(Bernard Barber has offered a number of explanations for the related but somewhat

broader problem of resistance to scientific discovery. )3o

Comment Summary: The "not invented here" concept received part of the

blame by one individual for the failure of a dissemination program his

company had tried and abandoned a few years ago. Under the program,

one division of the firm could obtain in-house financial sponsorship of an

idea which it hoped to develop for presentation to another division for the

farter's application. The program failed--not because divisions would not

develop ideas with in-house funds for this purpose--but because the other

divisions, who were thought to have interest in the developments, would

not accept them.

Unwillingness to accept another's ideas--or any change for that matter--is not a

behavior characteristic peculiar to technical people. But its operation as a transfer

barrier within the scientific community would make for interesting research and possibly

useful results to those who are attempting to accelerate technological transfers.

15. Communication Between Technical and Management People

It was apparent from the remarks of a number of industry representatives that

applications ideas do not always flow freely between the technical staff and the members

of management within a firm. This problem, in the larger context of communication be-

tween management and professional staff, has received considerable attention in recent

years in management seminars and in the literature. 31

C omment Summarie s :

With regard to new product ideas flowing as a by-product of government

research, a planning executive of one firm contacted stated that successful
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transmission of such ideas is frequently aided if the proponent happened

to know personally the company president or some other influential mem-

ber of the management team. He believed this was especially true in

cases where the firm has no system established to process such ideas.

The president of another firm expressed the situation more forcefully.

In order for any new idea to be developed to the point of a marketable

product, two basic conditions usually must be met: I) the inventor must

have intense persistence, confidence, and singleness of purpose, and 2)

he must be successful in interesting someone sufficiently close to the purse

strings in the company management to act as a sponsor, translator, and go-

between. The "sponsor" must be someone trusted by management whose

objectivity can counteract the suspicion created by the inventor's love of

his invention. 3z

In a recent Denver Research Institute study of new product problems in small

manufacturing companies; it u,_ found that these two conditions sometin_-es ;;'ere met by

one individual, called a "product champion," who possessed the qualities of both an in-

ventor and a promoter. 33

Numerous other related ideas were expressed during the study, such as the fol-

1 owing :

Comment Summaries :

Vocabulary differences cause breakdowns in communication between

scientists and managers.

There is too little mutual understanding of the administrative and the

scientific points of view, which are quite different. 34

Much of the literature dealing indirectly with new application opportunities

is read only by technical people and does not get into management hands.

An analysis of these comments leads to two rather obvious observations about the

transfer of missile/space technology to commercial applications:

a. Communication difficulties between technical and management personnel within

a firm tend to prevent linkage of technological knowledge to market knowledge

and hence they act as a barrier to transfer.

b. Active support of an innovator's idea on the part of a leading company official

enhances the chances for acceptance and application of the idea and hence acts

as a stimulus to transfer.

This appears to be an area which could be examined profitably by individual firms

to a greater extent than has been done to date. The examinations might focus on how to

create environments in which greater internal flows of ideas would be stimulated.

16. Personnel Transfers and Job Changes

A number of individuals in both government and industry expressed the belief that

the flow of people within and between organizations is one of the most effective diffusers

of technology.
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Comment Summarie s :

For example, the normal promotional process of both management and

skilled personnel results in intra-company transfers from space to non-

space departments in one commercial firm with large space contracts.

According to an official of the firm, these people carry with them "educa-

tion" received in space work, which brings into play in their non-space

assignments new ideas relating to reliability, quality control, and testing

processes, as well as higher skills in mechanical functions.

A few instances were reported of companies which consciously try to trans-

fer technical employees within the firm for the express purpose of diffusing

technology. No details, however, were obtained concerning the operation

and results of such transfers.

Several industry representatives stated the flow of people from missile/

space activities to commercial activities was undoubtedly resulting in

substantial transfer benefits to the civilian economy, although almost im-

possible to identify and measure. (None commented, however, whether

the flow of people from missile/space to commercial activities was large

or small. )

It is logical to conclude that the flow of individuals from missile/space work to

commercial assignments acts as a stimulus to the commercial application of missile/

space technology. In view, however, of the difficulties brought out earlier which many

technical people have experienced in adapting to a commercial environment from a

government contracting environment, it is suggested that inquiry be made into the opera-

tion and results of the planned flow of technical people in those firms pursuing such a

formal policy. Such an inquiry should indicate whether formal transfer programs would

be worth encouraging in firms serving both missile/space and commercial markets as a

means to stimulate commercial applications of missile/space technology.

C. ROLE OF INCENTIVES

The above 16 sub-sections have focused attention on a number of factors influenc-

ing the commercial application of missile/space technology. It was observed that some

of these factors act as stimuli to the process, others as barriers, and still others as

both stimuli and barriers.

There is nothing unique in noting that there are stimuli and barriers operating at

the level of the firm. Almost every human endeavor encounters stimuli and barriers.

However, the information supplied by the individuals contacted in this study has enabled

a start to be made toward identifying specifics which appear to influence the applications

process. Also, the framework developed to analyze these specifics appears to have

value in identifying and evaluating alternative means to accelerate the transfer of missile/

space technology.

In a competitive enterprise the role of incentives is well known. The role of in-

centives in the generation and application of technology, however, is less known and

sometimes overlooked; furthermore, it appears to be changing. For example, in a

recent study of scientists in research organizations, Howard M. Vollmer of Stanford Re-

search Institute investigated the role of incentives in the general performance of profes-

sional personnel. Commenting on modern industrial organizations, Vollmer stated:
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• . . Organizations may become dependent upon profes-

sional initiative and originality, and professional incentive s may

become more important than formal administrative arrangements

and job specifications• Scientific personnel participate in organi-

zational activities for monetary rewards, but money is not ordi-

narily enough incentive. Modern enterprise may ultimately have

to modify bureaucratic patterns of organization so as to provide

a working environment that is intellectually challenging and that

provides a greater opportunity for professionals to participate
35

in work- related decisions.

We have seen that incentives have a varied role to play in the diffusion of tech-

nology. They must motivate individuals and organizations to generate technological

knowledge; to disseminate technological knowledge; to look for and receive technological

knowledge; to link market information with technological knowledge; and to exploit feasible

opportunities to apply technological knowledge, e.g. , to produce products, materials, or

zation and others on the individual.

We conclude from our research that incentives may be able to play a considerably

larger role than they do now in a national goal of increasing the generation and diffusion

of technology. Such a goal deals largely with the motivation of human beings and incen-

tives properly formed are powerful motivators of people. The success of the AEC's

uranium exploration incentive mechanisms is a dramatic example.

This chapter has suggested various possibilities for increasing the transfer of

missile/space technology to the commercial sector by adding to or increasing the stimuli

in the process. In addition, possibilities have been suggested for removing or reducing

the barriers in the process, which should have the effect of adding power to existing

stimuli.

The problem of deciding how to change what in order to increase the transfer proc-

ess is not an easy task, however, for reasons discussed next.

D. SOME UNKNOWNS IN ATTEMPTING TO ACCELERATE THE TRANSFER OF

MISSILE/SPACE TECHNOLOGY

One overriding observation emerges from the preceding discussion of factors in-

fluencing the transfer of missile/space technology to commercial applications: the proc-

ess is complex and little understood. This study has merely scratched the surface and

provided partial insights into the transfer process•

Caution is usually advisable in dealing with any area of endeavor which is sur-

rounded by unknowns. The transfer process is such an area; the varied viewpoints on

just the magnitude of the transfer which has taken place to date is testimony to the pres-

ence of major unknowns. A number of these unknowns have been brought out in this

chapter. Two others may serve to illustrate further the lack of understanding.

First, the interrelationships of the application of technology and economic activity

are not well understood. For example, at what rate should new technology be generated

and at what rate should it be applied in the civilian sector of our economy? There has
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been a tendency on the part of some people to talk in terms of maximizing these rates.

Viewing the latter rate in light of the applications process, this would mean that as many

linkages as possible should be effected and exploited at the earliest possible dates be-

tween technological knowledge and market requirements information. This does not

appear to be a desirable goal.

It is conceivable that a nation could devote so much of its resources to generating

new technology that the point of diminishing returns would be exceeded, or that other

sectors of the economy would suffer disproportionately to the resulting technological gains,

or both. In addition, a nation could employ its capital inefficiently by applying new inven-

tions too rapidly._:_ For these and other reasons it appears that the goal in this instance

should be to "optimize" rather than "maximize" the rates of generation and application of

technology. But what are these optimum rates? We have seen no evidence that they are

known factor s.

It follows, therefore, that we really do not know how much transfer of missile/

space technology to commercial applications there should be.

Second, and closely related to the above, it would be foolhardy to rush through

changes in the hope of eliminating certain barriers or in the hope of creating certain

stimuli to the commercial applications of missile/space technology without first giving

careful consideration to secondary and tertiary effects of such actions. Assuming, for

example, that selected institutional changes would cause an increase in the total applica-

tion of technology, how would market structure be affected, and how would motivations to

increase technological applications differ among firms operating in different market

structures? This is a difficult question, on which there is sure to be considerable disa-

greement, as can be seen in a recent Committee for Economic Development paper by

Edward F. Denison:

• . . Some observers (especially Joseph A. Schumpter)

have argued that monopolies will devote more resources to re-

search than competitive enterprises because of their greater

ability to preempt the gains, so that a business structure con-

sisting of monopolies will progress more rapidly than a competi-

tive society. This view is vigorously disputed on the grounds

that monopolies tend to become stagnant and unprogressive, and

more importantly that historical studies fail to reveal any special

tendency for major advances to emanate from monopolistic firms.
36

Unknowns of these magnitudes indicate that severe difficulties would be experienced

in attempting to accelerate the transfer of missile/space technology on a large scale• This

is not to suggest that such attempts are not worth experimentation; rather, this suggests

that greater efforts should be made to understand technology--its generation, communica-

tion, application, and its impact on the economy. An increase in this kind of understand-

ing should greatly enhance the probability of success of any transfer acceleration effort.

This point can be illustrated in a different way. We found concern among individ-

uals in industry, independent research laboratories, universities, and government about

For example, public and private action designed to stimulate commercial applications

of missile/space technology conceivably could result in an excessive application rate.

This, in turn, could result in higher costs to existing manufacturing firms.



225

the role of private versus public action in matters relating to technology. Some of these

have been reported and to them we add one of our own. In the context of the proposals

made by President Kennedy to increase the diffusion of technology generated under govern-

ment sponsorship to civilian industry, we are concerned lest lack of understanding of the

diffusion process will result in administering the wrong drug to the patient.

What we have learned from our work in this study indicates that understanding is

particularly lacking at the most critical point of the diffusion process: application of

technology at the level of the firm. It is of little use to generate and communicate tech-

nological knowledge unless it is applied.

It is hoped that this discussion of the applications process, and of some of the

factors which act as stimuli and barriers to the commercial application of missile/space

technology, will serve to increase understanding of what takes place at the level of the

firm. It is emphasized, however, that this has been a preliminary exploration of the sub-

ject, and that there are many unknowns still to be explored.

Analyzing current trends in the American business scene, Margaret Mead recently

wrote in the Harvard Business Review:

At present . . . there are whole areas in our economy in

which it is virtually impossible to get any program under way

because of. . . confusion between the proper roles of govern-

ment and private industry. The difficulties are, of course,

greatest in those situations in which success depends on solving

the problems of overlapping, or more exactly, shared public

and private responsibility. The precedents of successful sharing

are as yet too few for Americans to have worked out a viable
37

ethic. (Emphasis added. )

A final observation regarding the discussions presented in this chapter: We do

not have what Margaret Mead calls a "viable ethic" to guide shared public and private

responsibility. We do not have adequate knowledge of the impact of technological applica-

tions on our economy. We do not have a good understanding of the technological diffusion

process. Therefore, it appears that this nation should proceed cautiously and thought-

fully in efforts to stimulate commercial applications of missile/space technology.

The arguments in favor of stimulating technological transfer are strong and logical.

The question thus becomes not what should be done, but how much to do and how to do it.
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